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The increasing popularity of Atlas sorgo both as a grain and a silage 
crop has caused many dairymen to inquire regarding methods of handling 
this crop for dairy cattle. In the sections of the southwest where Kansas 
Orange sorgo is grown this crop is generally compared with Atlas sorgo. 
Atlas differs from Kansas Orange chiefly in being more resistant to lodging 
and in having white palatable grain, whereas the grain of Kansas Orange 
is brown and somewhat bitter. Also, the heads of Atlas appear to make up 
a greater portion of the total weight of the plant than do those of some other 
sorgos and for this reason many users are reluctant about putting Atlas 
sorgo heads into the silo. It was to obtain data on the utilization of the 


grain in these two crops that this experiment was planned. 


Review of Literature 

Experimental work at this station (1) has indicated that Kansas Orange 
silage and Atlas silage are practically equal as a feed for dairy cat- 
tle. Early work at the same station demonstrated that sorghum silage was 
only slightly less valuable than corn silage (2) in spite of the fact that a 
large number of the sorghum grains pass through the cows undigested. 
The loss of grain in the droppings of cows fed sorghum silage was 
first studied by Reed and Fitch (3). By washing out the droppings of 
several cows fed corn silage, Sumac sorgo silage, and kafir silage it was esti- 
mated that about 4 per cent of corn grain, 30 per cent of kafir grain, and 
90 per cent of the Sumac sorgo seed passed through the cows undigested. 

Becker and Gallup (6) found by feeding cane silage and kafir silage to 
dairy cows that 33.91 per cent of the cane seeds were lost and 49.46 per cent 
of the kafir seeds were lost. It was aiso found that a small per cent of the 
nutritive value was removed from the whole grain as it passed through the 
digestive tract. 

Aicher and McCampbell (4) found that kafir silage with the heads had 
a slightly higher feeding value for steers than cane silage with the heads, 
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a difference of approximately three per cent. When feeding the silage with- 
out the heads, the cane silage was superior to the kafir silage in feeding 
value by 15 per cent. 

Thompson (5) found that grinding of kafir seed for hogs increased the 
feeding value 10 to 25 per cent over the whole grain. 

This station (7) found that the feeding value of ground kafir seed and 
ground cane seed compared very favorably to corn when fed to dairy cows. 


EXPERIMENT I 
Plan of Experiment 

1. Three cows were used in the experiment—one Holstein 10 years of 
age, one Holstein 3 years of age, and one Ayrshire 8 years of age. The 
Ayrshire was dry and the two Holsteins were in the later stages of lacta- 
tion. The mouths of all the cows were examined by Dr. E. R. Frank of 
the Veterinary Division and all were pronounced sound. 

2. The cows were fed individually according to size and milk production 
and all three received the same ration but in varying amounts. They were 
fed liberally and received all the feed they would clean up. When the cows 
were receiving silage of either Atlas or Kansas Orange, they received a 
grain mixture of cracked corn, ground oats, wheat bran, and cottonseed 
meal. When the cows received the whole seed of Kansas Orange or Atlas 
as the sole concentrate, only alfalfa hay was fed with it. 

3. Each experimental period comprised four days of preliminary feed- 
ing and a five day period of collection. In the first phase of the experiment 
the cows received Kansas Orange silage, alfalfa hay, and the grain mixture. 
The second phase was the same except that Atlas silage was substituted for 
the Kansas Orange silage. In the third phase of the experiment the cows 
received Kansas Orange seed, unground, along with alfalfa hay. In the 
fourth phase Atlas seed was substituted for the Kansas Orange seed. 

4. The Kansas Orange silage was taken about 15 feet down in a 30 foot 
silo. The Atlas silage was taken about 10 feet down in a 30 foot silo. Both 
crops were mature before ensiling. 

5. The cows were kept in stalls throughout the experiment. The ma- 
nure from each cow was collected and weighed. One-tenth of the manure 
from each cow was washed separately on a one-fourteenth inch mesh sieve 
to determine the amount of seeds lost in the feces. 

6. The total amount of seed in the silage was determined on a five pound 
sample. This was air dried and the seeds removed by hand. 

7. The seeds recovered in the manure were air dried to put them on the 
same basis as the seeds from the silage mentioned above. 

8. In the third and fourth phases the whole grain was air dried so as to 
give results comparable to the first two phases. 

9. Seeds removed from the silage and manure were saved for germina- 
tion tests, as were also the whole grain before feeding and the grain recov- 
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ered in the manure. 
Laboratory. 

10. Chemical analyses were made of the seeds from the silage, whole 
grains, and the seeds recovered in manure from each phase of the experi- 
ment. 


The germination tests were made by the State Seed 


Results of Experiment 


On the air dry basis the Kansas Orange silage contained 68.4 per cent 
moisture and the Atlas 60.6 per cent. The Kansas Orange silage contained 
27.7 per cent seeds, by air dry weight, which represented 8.76 per cent of 
the fresh silage. The Atlas silage contained 25.92 per cent seeds on the 
air dry basis which represented 9.79 per cent of the fresh silage. The whole 
grain fed, contained 95.31 per cent dry matter on the air dry basis. Both 
grains showed the same per cent of moisture. The data on the individual 
cows are presented in table 1. 

TABLE 1 


Losses of grain in Kansas Orange and Atlas silage when fed to dairy cows 
Fice day Kansas Orange period 























| AMOUNT OF AMOUNT OF | core 
; SILAGE GRAIN IN GRAIN IN SEED RE- GRATE 
cows CONSUMED SILAGE SILAGE AIR COVERED RECOVERED 
DRY BASIS IN FECES is FECES 
a (pounds) (per cent) | (pounds) (pounds) (per ce nt) 
279 262.5 8.76 23.00 7.20 31.3 
160 212.5 8.76 18.62 7.78 | 41.8 
195 262.5 8.76 23.00 12.78 55.6 
Total 737.5 64.62 27.76 42.9 (Av) 
Five day Atlas period 
279 187.5 | 9.79 18.36 5.62 | 30.61 ° 
160 150.0 9.79 14.68 3.75 25.54 
195 235.0 9.79 23.01 10.94 | 47.54 
Total 572.5 56.05 20.31 36.24(Av) 
The results of feeding whole grains with alfalfa hay are given in 


table 2. 

Both tables 1 and 2 show that the per cent of loss was greater with Kan- 
sas Orange seed than with Atlas seed. The loss was considerably larger 
when the grain was fed as the sole concentrate than when fed in the form 
of silage. This difference may be attributed to the softening of the seeds 
in the process of ensiling. 

Table 3 gives a brief summary of the seed losses and also includes the 
per cent germination of seeds from all phases of the experiment. 
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In this experiment the ensiling process apparently destroyed the ger- 


mination of all Kansas sorgo seed and Atlas seed. 


In order to determine whether any nutritive value had been removed 
from the whole seeds while passing through the digestive tract chemical 
analyses were made of all samples of seed from the four phases of the ex- 


TABLE 2 


Losses of grain when Kansas Orange seed and Atlas seed were fed unground as the only 


concentrate 


Five day Kansas Orange period 


























DRY MATTER GRAIN GRAIN GRAIN 
cows GRAIN FED IN GRAIN AIR | FED AIR RECOVERED RECOVERED 
DRY BASIS | DRY BASIS IN FECES IN FECES 
| 
(pounds) (per cent) (pounds) | (pounds) (per cent) 
279 27.0 95.31 25.73 15.31 59.50 
160 24.5 95.31 23.35 13.84 59.27 
195 54.0 95.31 | 51.47 33.60 65.28 
Total 105.5 400.55 62.75 | 62.41(Av) 
Five day Atlas period 
276 22.5 95.31 21.44 11.56 53.92 
160 22.5 95.31 21.44 13.00 60.63 
195 37.5 95.31 35.74 15.34 42.92 
Total 82.5 78.62 39.90 50.75 (Av) 
TABLE 3 
Summary of seed losses and germination tests 
af een WEIGHT GERMI- | GERMI- 
SILAGE | SEEDS Waicht OF SEEDS SEEDS NATION | NATION 
FEEDS CON- IN OF SEEDS | RECOVERED | WASTED | BEFORE | AFTER 
SUMED | SILAGE] CONSUMED | ‘[y peces FEEDING | FEEDING 
(pounds) | per cent (pounds) (pounds) percent | percent | percent 
(3 cows) 
(5 days) 
Kansas Orange 
silage 737.5 8.76 64.62 27.76 42.95 0 0 
Atlas silage 572.5 9.79 56.05 20.31 36.24 0 0 
Kansas Orange 
whole grain 
as the only 
concentrate 100.55 62.75 62.41 95 11 
Atlas sorgo 
whole grain 
as the only 
concentrate 78.62 39.90 50.75 94 6 
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periment by the Chemistry Department. The results of these analyses are 
shown in table 4. 

Consideration of the results in table 4 indicates that the digestive tract 
of the bovine removes little of the food value from the whole seeds whether 
consumed in the form of silage or as a concentrate. Approximately 20 


TABLE 4 


Percentage composition of Kansas Orange and Atlas seed 
from the four phases of the experiment 


(Air dry basis) 

















| . . ~~~" ETHER crvpe | , | N-FREE 
MATERIAL | MOISTURE aa ananane FIBER | ASH avenare 
| | 
' —EEEE 
Kansas Orange seed | 
from silage | 6.54 | 788 | 3.88 2s i 2m) OT 
| 
Kansas Orange seed | 
recovered from | | 
feces 7.28 7.69 2.98 2.49 1.01 78.55 
| | | 
Atlas seed from | 
silage 6.07 10.19 | 3.85 2.09 | 124 | 76.56 
Atlas seed from | | 
feces 7.10 10.94 | 3.28 1.69 0.80 | 76.21 
Whole Kansas Orange |. 
grain before feed- | | 
ing 7.35 10.94 | 3.21 1.74 1.21 75.55 
Whole Kansas Orange | 
grain from feces .. 6.81 10.81 | 2.88 2.20 1.30 76.00 
Whole Atlas grain | | 
before feeding 7.19 9.38 3.70 1.44 1.50 76.79 
Whole Atlas grain | 
from feces 6.52 8.81 3.03 1.49 0.82 79.33 

















per cent of the ether extract and 30 per cent of the ash was removed in the 
above samples. These constituents make up only a small per cent of the 
total food value. The increase in ash content of the Kansas Orange seeds 
when fed whole as the only concentrate may have been due to the presence 
of some foreign material in the sample. 


EXPERIMENT II 


Plan of Experiment 
A second experiment was conducted with Atlas sorgo silage in connec- 
tion with a digestion trial which was being run in the experimental barn. 
Eight cows representing the four major dairy breeds were used. Informa- 
tion concerning the cows used in this experiment is given in table 5. 








348 J. B. FITCH AND F. B. WOLBERG 


The ration fed consisted only of Atlas sorgo silage. The amount of 
silage fed each cow was determined by the animal’s appetite but remained 
constant throughout the period of collection. All silage fed was weighed 
and the weights rechecked by a second person. The trial covered a period 
of 20 days of which the first 10 days constituted the preliminary period, 


TABLE 5 


Cows used in the second experiment 








on | STAGE OF STATE OF 
nesters BREED | aa LACTATION | GESTATION 
| (years) | (months ) 
1 Ayrshire 4 Dry | 5 
2 Guernsey 11 - 5 
3 Holstein + ne 7 
4 | Guernsey 6 sg 5 
5 | Jersey 8 sig Open 
6 Ayrshire 4 " 5) 
7 Jersey 5 +4 5 
8 | Ayrshire 6 se | 5 








while the second 10 days were used for collecting the data. The silage fed 
was similar to that used in the previous trial and was from the same field 
and silo but was taken about 12 feet lower in the silo. A 100 gram com- 
posite sample of silage was taken each day for moisture determination and 
percentage of seeds. After separation of the seeds the whole sample was 
put in an oven to dry at 80° C. 

As this trial was conducted in connection with a digestion trial, an at- 
tendant was present to catch all the feces. The feces were weighed and 
re-checked by a second person. The twenty-four hour composite for each 
cow was thoroughly mixed and ten per cent was saved. A portion was 
taken from each daily composite to make a ten day composite. At the close 
of the trial this composite was thoroughly mixed and twenty per cent saved 
for determination of seeds in the feces. As in the previous experiment the 
feces were washed on a one-fourtenth inch mesh screen. The seeds recov- 
ered were dried for 5 days in an oven at 80° C. 


Results of Experiment 


The Atlas silage contained 67.13 per cent moisture. On the dry matter 
basis the seeds constituted 28.04 per cent of the silage. On the fresh silage 
basis the seeds represented 8.28 per cent of the silage. The data from the 
second experiment are given in table 6. 

The unusually low percentage of loss for the Holstein cow No. 3 can, 
perhaps, be explained by the fact she had previously been fed on a similar 
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ration and had become accustomed to it. If she were left out of the caleu- 
lation, the average per cent loss would be 33.00 instead of 30.39. 

It appears feasible, however, to expect a lower percentage of loss in this 
trial than the previous one because only silage was fed. The first trial, 
however, was conducted under more common conditions of feeding which 
would have a bearing on the practical value of the results obtained. 


TABLE 6 


Losses of grain when Atlas sorgo silage was fed to dairy cows 














cow BREED SILAGE DRY SEED SEED _— me 
NUMBER CONSUMED CONSUMED RECOVERED IN FECES 
(grams) (grams) (grams) (per cent) 
1 Ayrshire | 199760 16540 6700 40.51 
2 Guernsey | 108960 | 9022 2850 31.59 
3 | Holstein | 172520 | 14285 | 2000 14.00 
4 | Guernsey | 108960 9022 1825 | 20.23 
5 Jersey 163440 13533 3450 25.49 
6 Ayrshire | 172520 14285 | 4350 30.45 
7 | Jersey | 145280 | 12029 3800 31.59 
8 Ayrshire 181600 15036 6550 43.56 
——— ———————— = - - . . —_ — SS - 
Total 1253040 103752 | 31525 | 30.39(Av) 
CONCLUSIONS 


1. Approximately 43 per cent of the seed in Kansas Orange sorgo silage 
and 36 per cent of the seed in Atlas sorgo silage were voided in the feces of 
dairy cows when fed in the dairy ration with alfalfa hay and a grain mix- 
ture; when fed alone, in the form of silage, 30 per cent of the seeds in Atlas 
silage were lost. When the two grains were fed as the sole concentrate with 
alfalfa hay, 62 per cent of the Kansas Orange seed and 51 per cent of the 
Atlas sorgo seed were voided in the feces. 

2. In the experiments reported 19 per cent more of the Kansas Orange 
seeds and 15 per cent more of the Atlas seeds were utilized by the animals when 
silage was fed than when the whole grain was fed. 

3. The animals used a negligible amount of the food nutrients from the 
whole seeds recovered in the feces. In this experiment the ensiling process 
destroyed the germination of the Kansas Orange and Atlas seeds. When 
the seeds were fed without being ensiled, the digestive tract greatly reduced 
the germination of the whole seeds which were voided in the feces. 
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STUDIES OF THE TECHNIC TO EVALUATE THE EFFICIENCY 
OF SEVERAL CHLORINE STERILIZERS FOR 
DAIRY USE* 


E. D. DEVEREUX anp W. L. MALLMANN 
Michigan Agricultural Experiment Station, East Lansing, Michigan 


LITERATURE REVIEW 


Although considerable work has been done on the value of chlorine as a 
sterilizer on the dairy farm and in the creamery and the use of chlorine has 
become a well established practice, new methods of examination warrant 
another investigation of chlorine as a disinfectant and a critical study of 
the various types of chlorine preparations on the market. 

In connection with a study of the disinfection of swimming pool water, 
Mallmann and Cary (1) found that samples from chlorinated pool water 
when tested immediately after collection showed considerably more pollu- 
tion than duplicate samples tested at the laboratory several hours later. It 
is quite obvious, however, that the residual chlorine in the sample would, if 
the sample was held for a period of time, cause a gradual disinfection with 
the ultimate destruction of the bacteria present. A similar condition would 
exist in samples taken of chlorine rinse water used in the sterilization of 
dairy pipe lines, except that a more pronounced condition would exist. As 
far as the writers could determine, in all studies purporting to check the 
efficiency of chlorine rinse waters the action of the residual chlorine was not 
checked at the time of sampling. In the studies herein presented, a com- 
parison of the usual method of sampling and a method wherein the residual 
chlorine was removed at the time of collection was employed. 

Mallmann and Cary suggest the use of a sodium thiosulphate treated 
sample bottle for collecting samples containing residual chlorine for bacte- 
riological analysis. The addition of the sodium thiosulphate to the sample 
bottle inactivates the residual chlorine as soon as the sample enters the bot- 
tle, and thus prevents the destruction of the bacteria while the sample 
awaits analysis. 

That hypochlorites do not have the same oxidizing power at varying pH 
values was first demonstrated by Rideal and Evans (2) when they showed 
that the additions of alkali caused a depression of the oxidizing power of 
the hypochlorites. That a reduced bactericidal activity was also produced 
by the addition of alkali to hypochlorites in dilute solutions using short 
periods of exposure was demonstrated by Mallmann and Schalm (3). 

A study was made by Johns (4) of the speed of destruction of mixed 
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organisms from milk cans. The action of three hypochlorites and two 
chloramine T products was tried on Escherichia coli, Aerobacter aerogenes, 
Streptococcus lactis, and spores of Bacillus subtilis. The liquid hypo- 
chlorites were effective against all non-spore formers with the exception of 
a highly alkaline hypochlorites which acted surprisingly slow against 8. 
lactis. The chloramine T products in all cases acted too slowly to be con- 
sidered suitable as sterilizing rinses. None of the five products had any 
noticeable effect upon the spores of B. subtilis during a 2 minute exposure. 
It was also noted by Johns (5) that the less alkaline hypochlorites were 
extremely effective against five ropy and two bitter milk organisms. 
Prucha (6) demonstrated that the chloramine T compound which he used 
displayed a delayed germicidal action against Esch. coli when comparisons 
were made to the hypochlorites. Strept. lactis offered considerable resis- 
tance to both types of compounds. In connection with a study of the dis- 
infection of swimming pool water Mallmann and Cary (1) also noted a 
delayed germicidal action of chloramine treatment. 


EXPERIMENTAL 


Three commercial chlorine sterilizers were studied—‘‘ A’’ was a sodium 
hypochlorite compound containing trisodium phosphate, while ‘‘C’’ was a 
sodium hypochlorite and sodium carbonate mixture. Sterilizer ‘‘B’’ was 
a chloramine T preparation containing sodium carbonate. These com- 
pounds were employed under commercial conditions in the college creamery 
which may be contrasted to the work of Johns (4) in which the work was 
conducted largely in the laboratory. Although the work of Prucha (6) was 
done both under laboratory and commercial conditions the data presented 
were not of as strictly a quantitative nature as the data to be presented 
here. The equipment was washed in the usual manner without dismantling 
on Sundays, Mondays, Wednesdays, Thursdays, Saturdays and chlorinated 
the following mornings prior to use. On Tuesdays and Fridays after use 
the equipment was dismantled and cleaned in the customary manner while 
in this condition. The chlorination process consisted in pumping approxi- 
mately 75 gallons of the sterilizer from the receiving vat, in which it was 
prepared, to the pasteurizer, where it was splashed around in order to bring 
it in contact with all surfaces. From the pasteurizer it was allowed to flow 
over the cooler and through the bottle filler. One hundred ec. samples for 
chemical determinations were taken of the stock solution at the receiving 
vat and samples for chemical and bacteriological determinations were taken 
at the bottle filler. Those designated as ‘‘start of chlorine rinse’’ consisted 
of the first of each solution to reach the bottle filler at the beginning of each 
chlorine rinsing process. Those designated as ‘‘middle of chlorine rinse”’ 
were taken at the bottle filler after about 35 to 40 gallons had passed 
through the equipment. Those samples taken when last of the rinse was 
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about to leave the bottle filler were designated as ‘‘end of chlorine rinse.’’ 
About seven minutes’ time was required for the entire 75 gallons of chlorine 
rinse solution to pass through the equipment. At each time of sampling at 
the bottle filler one sample was taken into an empty sterile bottle and one 
into a sterile bottle containing approximately 0.1 gram of sodium thiosul- 
phate, as recommended by Mallmann and Cary (1). This was added in 
crystal form to these sample bottles prior to autoclaving’ and was sufficient 
to inactivate all the chlorine in the rinse so that there would be no further 
destruction of bacteria present. Three trials were made on each of three 
different concentrations of the sterilizers, and six trials were made on 
a fourth concentration of sterilizer ‘‘C.’’ Approximately one hour after 
chlorination and immediately prior to use the equipment was rinsed for 
about ten minutes by pumping tap water through it. Samples of this rinse 
water were taken at the start, middle and end of this run into sterile bottles 
containing no thiosulphate. 

The titration figures given in table 1 for the stock solutions and bottle 
filler samples of the chlorine and rinse waters are the averages for three 
trials on each concentration of each sterilizer. In like manner the average 
bacterial plate counts are given on all of the bottle filler samples in table 2. 
The ortho-tolidine and iodometric methods were employed for determining 
quantitatively the p.p.m. of available chlorine. 

At the time the ‘‘middle of the chlorine rinse’’ samples were taken for 
chemical and bacteriological examination 500 ec. samples were taken to 
determine the germicidal powers of the various rinse solutions, using the 
technic of Mallmann and Schalm (3). To these were added a 24-hour 
culture of Esch. coli and after exposure to the chlorine for 15, 30, 45, 60, 
90, 120, and 180 seconds the presence of surviving organisms was deter- 
mined qualitatively and quantitatively. To do this one ce. of material was 
drawn from the flask at these time intervals and inoculated into 9 ec. tubes 
of plain broth, from which plates were made from proper dilutions imme- 
diately after the last sample was removed. The broth not only served as 
a means of immediately checking any further action of the chlorine but 
also, when incubated, served as a means for detecting qualitatively the 
presence of living organisms. The average counts for three trials on each 
concentration of each of the sterilizers are given in table 3 with the results 
of the broth tubes. 


DISCUSSION 


The two methods employed for measuring quantitatively the amount of 
available chlorine gave approximately the same results in all cases (Table 1). 
The fact that the ortho-tolidine test is colorimetric and could not be read 


1 Recently it has been found advisable to add the thiosulphate in dry form to a dry 
bottle and sterilize in dry heat at a temperature not to exceed 200° C. 
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accurately within 10 p.p.m. in the concentrations employed accounts for 
the majority of the differences. The table also displays the fact that the 
chlorine content in the first material to pass through the equipment was 
somewhat lowered, due undoubtedly to combination with organic materials. 
However, the concentration at the end of the chlorination process ap- 
proached that of the stock solution. In all cases the sodium thiosulphate 
completely inactivated the chlorine in the samples taken in bottles contain- 
ing this compound. This made it possible to obtain the actual bacterial 
content of the rinse solutions, although they were not plated until several 
hours had elapsed. At the start of the rinsing of the equipment with tap 
water, about an hour after chlorination, there was invariably some residual 
chlorine present, the quantity varying from a trace to 2.0 p.p.m. 

In table 2 the value of the sodium thiosulphate sample bottle is clearly 
shown when comparisons are made of counts made from the sample bottles 
containing no thiosulphate to check further action of the chlorine and those 
counts made from sample bottles containing the thiosulphate. As judged 
by the former set of counts the equipment would have been considered very 
clean in all cases, while the counts made from the thiosulphate sample bot- 
tles afforded a means of differentiating clean from unclean equipment. In 
this respect the two inorganic hypochlorite sterilizers (A and C) apparently 
acted more efficiently under the conditions of the experiment. This was 
undoubtedly due to the more available condition of the chlorine. The 
counts made on the rinse water samples were in keeping with the final counts 
made on the thiosulphate treated chlorine samples. 

_ The data on the disinfecting powers of the various chlorine solutions 
after having been used as such are given in table 3. These solutions, as 
mentioned before, were taken at the bottle filler after 35 to 40 gallons of 
the chlorine solution had passed through the equipment. Sterilizers ‘‘A’’ 
and ‘‘C’’ were again shown to be very efficient bacteriologically in rela- 
tively low concentrations when the latter were measured by chemical meth- 
ods, while sterilizer ‘‘B’’ displayed a delayed germicidal action. The 
value of a bacteriological test of this type is very readily seen, especially 
when one bears in mind the fact that the chemical titrations on these rinse 
solutions, after having been used as such, do not show such bactericidal 
differences to exist. In the creamery these rinse solutions exist in an alka- 
line condition which has been shown to reduce the oxidizing or disinfecting 
powers (2) (3) of these compounds. However, when these same solutions 
were titrated according to accepted methods the titrations were done in an 
acidified medium, a condition in which the chlorine becomes a very active 
disinfecting agent. As a result a figure is obtained which would indicate 
a relatively high disinfecting value of the rinse solution as it exists in the 
creamery, which, according to the bacteriological test, is shown actually not 
always to exist. The inaccuracy of chemical tests for measuring germicidal 
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properties of such solutions is probably increased at times, since some of the 
chlorine which enters the titrations is undoubtedly in an adsorbed condition 
making it non-effective as a disinfecting agent. 

In laboratory studies, in which actual working conditions are supposedly 
simulated, it is frequently true that this is not the case. Mallmann and 
Edwards (7) point out that statements of chlorine concentration do not 
necessarily present a true state of field conditions. For example, they cite 
an instance where 55 p.p.m. available chlorine was used and another where 
0.6 p.p.m. was used. In the instance where 0.6 p.p.m. was used, more total 
chlorine was present. In actual practice a rinse of 50 gallons of 10 p.p.m. 
chlorine content would be superior to 10 gallons of 50 p.p.m. chlorine, al- 
though the total chlorine content of each is exactly the same. The weaker 
solution would be more efficient because of the longer time period necessary 
to pass the rinse through the equipment. In the data presented, it was 
found that 6 to 11 p.p.m. of hypochlorite ‘‘C’’ gave as efficient results as 
60 to 79 p.p.m. in checks on the rinse solution as it passed through the pipe 
lines and further the rinse solution when tested subsequently for germicidal 
activity gave very similar results. In other words under the conditions of 
the test, 75 gallons of a 6 to 11 p.p.m. chlorine rinse had sufficient chlorine 
to destroy all bacteria in the equipment and still have an excess activity 
after use to kill large numbers of Esch. coli under laboratory conditions. 
Thus under the conditions of the experiment the chlorine rinse had at least 
an excess safety factor of 54 to 68 p.p.m. chlorine. This would seem to in- 
dicate that the present standard of 50 p.p.m. chlorine would be ample on 
all types of equipment, providing of course that the volume used was pro- 
portionate to that used in these experiments. To place more emphasis on 
the time factor it could be recommended that a large enough quantity of 
rinse solution be used which would require a minimum time period of 5 
minutes to flow through the equipment. In this event there would undoubt- 
edly be cases where much less than 50 p.p.m. chlorine would be sufficient. 
Inspectors checking chlorine residuals of rinse waters should be equally in- 
terested in knowing volumes of rinse solution used as the latter is even more 
important than the actual concentration. 

While it is a well known fact that the chloramine T compounds display 
a delayed germicidal action, they are not to be considered entirely unsuit- 
able for dairy use, as has been done by some investigators. Use can be 
made of these compounds when it is unnecessary to obtain immediate steril- 
ization as, for example, when it is the practice to sterilize the equipment 
an hour before using it. This intervening time period gives the chloramine 
T compounds sufficient time to bring about destruction of microorganisms, 
as is shown by table 2, in which it is noted that the water rinse, made ap- 
proximately an hour after the chlorine rinse, was found to contain the same 
relatively small numbers of organisms regardless of the type of chlorine 
solution previously used. 
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SUMMARY 


Sterile sample bottles containing sodium thiosulphate were found more 
suitable than the usual sample bottle for obtaining samples of chlorinated 
dairy solutions intended for bacteriological examination. 

The iodometric and ortho-tolidine tests do not necessarily measure the 
germicidal powers of used chlorine sterilizers as measured by the actual con- 
ditions evidenced by bacteriological tests. 

In actual practice using the sodium thiosulphate treated sample bottle 
the hypochlorite sterilizers were found to be effective against the organisms 
in the dairy equipment. The used solutions in all concentrations were 
found to display a marked germicidal action against Esch. coli when tested 
in the laboratory. 

The chloramine T compound as used in these experiments displayed a 
delayed germicidal action which might make it objectionable as a dairy 
sterilizer under certain conditions. 

Hypochlorite rinse solutions with residual chlorine contents as low as 6 
p.p.m. were found effective in the disinfection of dairy equipment. In ref- 
erence to hypochlorites, any chlorine in excess of 6 p.p.m. constituted a 
safety margin. 

The use of large volumes of rinse is more important than high chlorine 
residuals. This is particularly important in the use of chloramine T com- 
pounds which require a longer period of exposure to effect sterilization. 
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PIMIENTOS IN PROCESSED CHEESE 


HUGH L. TEMPLETON anp H. H. SOMMER 
Department of Dairy Industry, College of Agriculture, Madison 


Some time ago the authors were requested to make a study of the use of 
pimientos in processed cheese in an effort to determine why certain varieties 
or sources of supply received preference +o the practical exclusion of other 
types that were available. In view of the dearth of information on pimien- 
tos and their use in processed cheese, the results of this brief survey are 
presented in this paper. 

Standard brands of canned pimientos were supplied in sufficient quan- 
tity to permit the manufacture of one or more batches of processed cheese. 
The brand that did not receive preference from the commercial processor 
was supplied in largest quantity in order that it might be studied in greater 
detail. The only reason that could be given as to why this pepper was not 
used was that it had been reported as giving the cheese a slightly sour taste.’ 

The pimientos were classified according to source, one brand from Georgia, 
one from California and two from Spain. The cans of each brand were opened 
separately and the content examined for color, aroma and hydrogen-ion con- 
centration. These observations are presented in table 1. 

The general appearance of 3 was very good as all the pieces were very 
uniform in color. The hydrogen-ion determinations were made with the 
hydrogen electrode on the liquid that was drained from the peppers. The 
color of this liquid did not permit the determination of the titratable acid- 
ity with any degree of accuracy. The variations of the hydrogen-ion con- 
centration are in very good agreement with those obtained by other workers 
on the same types of pimientos.* 

The cheese used in these experiments was a blend of fairly good quality, 
the average age being about six months. To determine the acidity of the 
cheese fifty grams of the comminuted cheese were suspended in 500 ec. of 
distilled water with vigorous agitation. Twenty-five cc. portions of this 
suspension were then used for the determination of the titratable acidity, 
which was found to be 1.82 calculated as lactic acid. Hydrogen-ion deter- 
minations made on this suspension gave a pH value of 5.68. The process- 
ing was performed in the cheese kettle described previously, using six or 

Received for publication November 16, 1933. 

Published with the permission of the Director of the Wisconsin Agricultural Experi- 
ment Station. 
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2 TEMPLETON, HuGH L., anD SomMMER, H. H. Some observations on processed cheese. 
Jour. Dairy Scr. 13: 203. 1930. 
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seven pounds of cheese to a batch, depending upon the amount of pimientos 
available. This amount of cheese was necessary to insure the proper work- 
ing of the thermometer in the kettle. The weight of pimientos added rep- 
resented 8.0 per cent of the total weight in the kettle. No effort was made 
to comminute the peppers before addition to the cheese, as the action of the 
stirrers in the kettle was sufficient for this purpose; as the pimientos were 
added when the temperature was between 52° and 57° F. and the cheese 
mass drawn from the kettle at 68° C., the agitation received was not exces- 
sive. All samples were made up with 2.0 per cent of sodium citrate and 0.5 
per cent common salt. 

The additions shown in the table were made in an effort to study the 
effect of small changes in the reaction and to meet the criticism that ‘‘!’’ 
type was a trifle acid, or sour to the taste. 

After one week in storage the samples were examined for preference by 
various disinterested parties as regards taste and general appearance and 
at this time analyses were made for the moisture in the cheese, the titratable 
acidity caleulated as lactic acid, and the hydrogen-ion concentration as de- 
termined by the hydrogen electrode. These results are shown in table 1. 

From the figures obtained it is evident that there was very little differ- 
ence in the pH of the samples, although the titratable acidity varied—sam- 
ples No. 2, No. 3 and No. 4 being more acid than the others. That the 
difference in pH was of little importance as far as the examiners were con- 
cerned was shown by the fact that No. 6, which was the most acid in terms 
of pH, was one of those receiving preference, as were also No. 9 and No. 10. 

In the examination of the samples the men were asked to indicate their 
preference in regard to (a) the color of the cheese mass and the pimientos, 
(b) the distribution and size of the pimiento pieces, and (c) the flavor. 
Figure 1 illustrates the difference in the samples with respect to the size of 
the pimiento pieces. From the general appearance nearly all of the judges 
chose sample No. 8, but its very peculiar taste eliminated it from further 
consideration. One of the examiners stated that it tasted to him as though 
it contained some old oil. This led to a review of the preparation of pimi- 
entos and it was found that they are prepared for canning by roasting, 
which is done either over an open fire or by dropping the raw peppers into 
a bath of hot oil. This latter procedure would no doubt explain the very 
peculiar and oily flavor found in sample No. 8. It was further learned that 
commercially the fire-roasted peppers are used and these can be identified 
by the presence of small black pieces of material due to the insertion of the 
roasting fork. 

Sample No. 1 without pimiento was used only for purposes of compari- 
son to show the increase or change in color due to the addition of the pimi- 
entos to the other samples. The general preference of the judges seemed 
to be either No. 7 or No. 9 with No. 5, No. 6 and No. 10 considered as very 
satisfactory. The off flavor of No. 8 eliminated it. Samples No. 2, No. 3 
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Top row Control. 


Second row from top samples No. 2, No. 3, No. 4. 
Third row from top samples No. 5, No. 6, No. 7. 
Bottom row samples No. 8, No. 9, No. 10. 


and No. 4 were criticized as having a rather weak color both in the cheese 
mass and the pimiento. In sample No. 5 the color and size of the pimiento 
pieces were comparable with the succeeding samples. 

There is not sufficient information available on the subject of pimientos 
to warrant any discussion as to why certain types break up very easily into 
small pieces that fail to have the desired eye appeal to the consumer. 


SUMMARY 
From the preference shown there is a decided eye appeal in processed 
cheese containing pimientos in which the pieces of pimiento are of a bright 
red color and of such size as to be readily seen. 
The use of fire-roasted peppers will eliminate the possibility of off flavors 
that are due to oil roasting, either because of the use of old or rancid oil or 
the incomplete removal of the oil after roasting. 


The authors wish to thank all of those who so kindly examined the sam- 
ples submitted to them and offered their comments. This work was con- 
ducted under the fellowship sponsored by Chas. Pfizer and Company, Inc., 
to whom the authors also wish to express their appreciation. 











THE INFLUENCE OF CITRIC ACID UPON TITRATABLE 
ACIDITY AND HYDROGEN-ION CONCENTRATION 
OF FROZEN DESSERTS 


A. C. DAHLBERG AND J, C. HENING 


New York Agricultural Experiment Station, Geneva 


The manufacture and sale of frozen desserts resembling ice cream, but 
which do not comply with legal standards for ice cream, prompted legisla- 
tion defining various frozen desserts and has emphasized the need for exact 
methods of differentiating between these products. It is difficult to make 
certain that ice milk is not sold as ice cream, for the consumer may not 
judge the fat content by richness of flavor only and the inspector may not 
be certain whether a product was sold for ice milk or ice cream. In New 
York this problem has been handled by legislation forbidding the sale of 
ice milk. 

The identity of ices is evident as they do not contain milk solids and 
are composed essentially of sweetened frozen fruit juices. On the other 
hand, sherbets contain milk solids as well as fruit juices and there is greater 
danger of confusing the identity of the products unless there is a detectable 
difference in acidity. 

The ‘‘Suggested Ice Cream Law’’ of the International Association of Ice 
Cream Manufacturers specifies that a ‘‘milk sherbet’’ and ‘‘ice or ice 
sherbet’’ shall contain not less than 0.4 per cent of titratable acidity ex- 
pressed as lactic acid. The authors have favored a relatively low titratable 
acidity standard, for the most satisfactory flavor in ices and sherbets was 
found by Dahlberg? to have titratable acidities from 0.35 to 0.40 per cent 
expressed as lactic acid. It is recognized, however, that higher acidities are 
usually found in the commercial products, but the trend is toward lower 
acidity. Turnbow and Raffetto® although recommending the addition of 
liberal quantities of fruit also specified the equivalent of 0.38 to 0.44 per 
cent of citric acid crystals. Sommer* recommends the equivalent of 0.12 
to 0.31 per cent of citric acid which agrees well with the 0.20 per cent sug- 
gested by Dahlberg for orange ice or sherbet. In 1930 Caulfield and Mar- 

Received for publication August 3, 1933. 

1 Suggested Ice Cream Law by Definition and Standard Committee of International 
Association of Ice Cream Manufacturers. 

2A study of the manufacture of water ices and sherbets. N. Y. Agric. Exp. Sta. 
Bul. 536. 1926. 

New developments in methods used in making ices and sherbets. Ice Cream Trade 
Jour. April, 1930. 

8 Ice cream. John Wiley and Sons. 1928. 

4Ice cream making. Published by the author, Madison, Wisconsin. 1932. 
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tin® suggested a formula for sherbet containing 0.50 per cent citrie acid, 
based upon analysis of 28 commercial sherbets. This brief statement of 
recommendations clearly emphasizes the marked variations in practice and 
the need for caution in establishing standards. 

The present investigation was planned to establish the relationship be- 
tween titratable acidity and pH with the hope that a more satisfactory basis 
for differentiating sherbets from ice milk or ice cream would be found in 
the pH values. 

CITRIC ACID 

There is much confusion regarding the strength of citric acid as used in 
the dairy industry. Citric acid erystallizes from solution with one mole- 
cule of water and has a molecular weight of 210. The moisture content is 
8.57 per cent. Since it is trivalent the combining weight of the hydrated 
crystals is 70. Upon exposure to the air the hydrated crystals lose their 
water of crystallization but always retain some moisture, although for prac- 
tical purposes the water held when in equilibrium with average atmospheric 
conditions is of little significance. Completely dehydrated citric acid has 
a molecular weight of 192 and a combining weight of 64. 

It is essential to know the moisture content of the citric acid or of the 
citrie acid solution to be able to accurately titrate an ice or sherbet for total 
acidity and calculate the amount of citric acid required to raise the acidity 
to the desired degree. Citric acid is generally sold to the ice-cream trade 
as monohydrated granules or large crystals. The hydrated citric acid is 
not in equilibrium with ordinary atmospheric conditions and, when not in 
an air tight container, loses water. 

One pound of hydrated granular citric acid was secured in a glass con- 
tainer stoppered with a cork. A sample of the crystals dried to constant 
weight in a vacuum oven at 45° C. for approximately 72 hours showed 8.45 
per cent of water against a theoretical moisture content of 8.57. The bottle 
was left stoppered for 24 days when the hydrated crystals were used experi- 
mentally. The moisture content had decreased to 7.53 per cent. Twenty 
grams of these erystals were placed in an aluminum drying dish, protected 
against dust, and weighed weekly or more often. At the end of the experi- 
ment a moisture test was made on the citric acid. 

The data in figure 1 show the very rapid loss of moisture from hydrated 
citric acid exposed to atmospheric conditions in small quantities. The air 
temperature varied from 20 to 25° C. and the humidity from 10 to 50 per 
cent. No data were secured to associate humidity with moisture loss. 
Within a month the citric acid contained only 0.1 per cent of water and it 
held constant at this moisture content. Undoubtedly this loss of moisture 
was more rapid than would be secured under commercial conditions for the 


5 What goes into the manufacture of a high grade sherbet. Ice Cream Trade Jour. 
May, 1930. 
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volume of hydrated acid crystals would be larger, the crystals would be 
somewhat protected against free movement of air, and the humidity of the 
room might be higher. In correspondence, Chas. Pfizer and Co. have statea 
that more than 100 days would be required to dry hydrated granular or 
crystal citrie acid to equilibrium at a moisture content of 0.4 per cent. The 
citric acid in these tests was in equilibrium at 0.1 per cent and no explana- 
tion for this discrepancy in the moisture content at equilibrium is evident. 

Since dehydrated citric acid is now available at prices which compare 
with those for hydrated citric acid, the former product is to be preferred 
as it is almost constant in strength and its use is more convenient. 

The amount of citric acid to be added to an ice or sherbet can be calcu- 
lated from titration data with considerable accuracy. For example, if 9 
grams of ice are titrated with N/10 sodium hydroxide the number of cubic 
centimeters of neutralizer used divided by 10 gives the percentage of lactic 
acid. If 6.4 grams are titrated the number of cubic centimeters divided by 
10 gives the percentage of dehydrated citric acid. If 7.0 grams are titrated 
the number of cubic centimeters divided by 10 gives the percentage 
of hydrated citric acid. The percentage of lactic acid may be converted to 
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dehydrated citric acid by multiplying by 64/90, or to hydrated citric acid 
by multiplying by 70/90. Unless moisture tests are made regularly on the 
hydrated crystals it is essential to use the dehydrated product for uniform 
results. 

In preparing the customary 50 per cent citric acid solution, it is neces- 
sary to consider the moisture content of the acid. For example, 4 pounds 
of dehydrated citric acid + 4 pounds of water will make a 50 per cent citric 
acid solution but 4.37 pounds of the hydrated crystals would need to 
be added to 3.63 pounds of water to give 8 pounds of a solution of equal 
strength. 


INFLUENCE OF CITRIC ACID UPON ACIDITY 


The ices used in these experiments were a 30 per cent solution of sugar 
(sucrose) in water. The sherbets contained 50 per cent of milk testing 4 
per cent of fat, 30 per cent of sugar, and the balance was water. The ice 
milk contained 65 per cent of 4 per cent milk, 5 per cent of dry skimmilk, 
15 per cent of sugar and the balance was water. Its serum solids content 
compares favorably with that present in ice cream, so that data secured with 
ice milk would be interchangeable with that secured on ice cream. To each 
product 0.1, 0.2, 0.3, 0.4, and 0.5 per cent of dehydrated citric acid was 
added. 

Nine grams of each solution were titrated with N/10 sodium hydroxide, 
using 5 drops of a one per cent alcoholic solution of phenolphthalein as in- 
dicator. The pH of the solutions was determined electrometrically, using 
the quinhydrone electrode and colorimetrically using the method of Sharp 


TABLE 1 


Relation of titratable acidity and hydrogen-ion concentration in ice milk, sherbets, and ices 


containing varying percentages of citric acid 


ICES | SHERBET ICE MILK 




















CITRIC Titratabl itratabl | “Titratable 
ACID acidity ‘ pH | = ? pH acidity pH 
Lactic | Citric | Elect. Lactie | Citrie | Elect. | Color. | Lactie | Citrie | Elect. | Color. 
% % % % % % % 
0 0.02 0.01 7.25 0.07 0.05 6.32 6.2 0.20 0.14 6.21 6.1 
0.1 0.13 0.09 3.11 0.21 0.15 5.60 5.4 0.34 0.24 5.76 5.7 
| 
0.2 0.28 0.20 | 2.74 0.34 0.24 4.90 4.8 0.48 0.34 5.44 | 5.4 
0.3 0.42 0.30 2.57 0.47 0.33 4.53 4.6 0.62 0.44 5.10 | 5.0 
0.4 0.58 0.41 2.45 0.61 0.43 4.13 4.5 0.77 0.55 4.84 4.8 
0.5 0.72 0.51 | 2.39 0.73 6.52 4.00 4.5 0.90 0.64 4.67 | 4.7 
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and McInerney.® It is evident that for certain colored fruit products some 
difficulty may be experienced with the latter method. 

The results secured on two trials which are typical of other tests are 
summarized in table 1 and graphically represented in figures 2 and 3. In 
figure 2 the titrations are expressed in terms of dehydrated citric acid and 
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Per cent citric acid added 


Fic. 2. RELATION OF TITRATABLE ACIDITY, EXPRESSED AS DEHYDRATED CiTRIC ACID, TO 
DEHYDRATED CiTRIC AcID ADDED TO FROZEN DESSERTS AND LAcTIC ACID 


lactic acid. The data are of special interest in showing that, contrary to 
several statements in the literature, the titration of a water-ice correctly 
shows the amount of dehydrated citric acid added. The titratable acidity 
of ices, sherbets, and ice milk increase in direct relation to the acid added. 
It is evident that results are relatively similar and that for the purpose of 
the ice-cream industry there is little choice between expressing the results 
as lactic or citric acid except that above the initial acidity it is citrie acid 
that is being titrated and used to increase the acidity even though it is de- 
rived from fruit juice such as lemon or orange. 


6 The colorimetric determination of the hydrogen-ion concentration of milk, whey, 
and cream. Jour. Biol. Chem. 70: 729-758. 1926. 
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per cent citric acid added 
Fic. 3. RELATION oF HYDROGEN-ION CONCENTRATION TO DEHYDRATED CiTRIC ACID ADDED 
TO FROZEN DESSERTS 


The curves in figure 3 show the pH of these various products and repre- 
sent distinct differences in the decrease in pH due to added acid. This dif- 
ference is due to the buffer action of certain of the milk solids in retarding 
the increase in hydrogen ions as citric acid is added. These data have a 
special value in differentiating sherbets from ice milk or ice cream which 
will be discussed later. 

DISCUSSION OF DATA 


These studies have clearly demonstrated the need of exact information 
regarding the moisture content of citric acid in erystalline or pow- 
dered form. The monohydrated erystals or granules contain 8.5 per cent 
of moisture which is lost at a more or less rapid rate, thereby increasing in 
strength. Anhydrous or dehydrated citric acid contains about 0.1 per cent 
moisture and is rather constant in strength. Its use is generally to be pre- 
ferred for this reason. 

The addition of citric acid to ices, sherbets and ice milk affects the pH 
and titratable acidity in accordance with expectations and there is every 
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possibility of accurately and uniformly standardizing the acidity or pH of 
these products. 

The problem of differentiating ices and sherbets from ice milk and ice 
cream on the basis of acidity is entirely feasible. Such distinction cannot 
be made satisfactorily on the basis of total titratable acidity. There ap- 
pears to be marked variations in consumer preference for different acidities 
which may be affected by the sugar content of the sherbets and ices, by the 
season of the year, and by the locality. Former data from these labora- 
tories were verified in that 7 out of 8 persons preferred sherbets and ices 
with a titratable acidity, expressed as lactic, of less than 0.4 per cent. This 
corresponds to the addition of approximately 0.2 to 0.25 per cent of dehy- 
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Per cent citric acid — titration 
Fic. 4. RELATION OF HyDROGEN-ION CONCENTRATION OF FROZEN DESSERTS TO TITRATABLE 
Acipity, EXPRESSED AS DEHYDRATED CiTRIC ACID 
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drated crystals. To permit the manufacture of these products with a 
desired acidity the titratable acidity, expressed as lactic, for ices and sher- 
bets would need to be set at a minimum of 0.35. Ice milk or ice cream 
with high percentages of serum solids would approach this standard and 
there might be difficulty in differentiating the sweet frozen desserts from 
the frozen desserts which were sour due to fruit juices or acids but which 
were low in serum solids. 

It is possible, however, to clearly distinguish ice milk and ice cream 
from sherbets and ices on the basis of pH. In figure 4 the relationship be- 
tween titratable acidity, expressed as dehydrated citric, and pH is shown. 
If a standard of pH 5 or less is adopted for ices and sherbets the figure 
shows that ice cream would need to have a titratable acidity of more than 
0.50 per cent, the equivalent of 0.7 per cent lactic acid, to be considered as 
a sherbet or ice. Such ice cream would be curdled, sour, and unsalable. On 
the other hand, an ice could titrate only 0.1 per cent citric acid and a sher- 
bet could titrate only 0.25 per cent and still have a pH value of less than 5. 
Expressed in another manner, it can be seen from figure 3 that to comply 
with this standard the citric acid content of an ice would need to be only 
0.1 per cent, of a sherbet only 0.2 per cent but 0.4 per cent citric acid would 
need to be added to ice cream to have a sufficient low pH to pass as a sher- 
bet. It is clearly evident that sweet ice cream cannot be successfully made 
with a pH of 5 but relatively sweet ices and sherbets can be made with a 
pH of 5 or less. Such a standard could be used for differentiating these 
products and would be especially helpful in determining whether a sample 
of the chemical composition of a sherbet was sold for ice milk, and vice 
versa. 

CONCLUSIONS 


1. The monohydrated citric acid crystals, granules, or powder lose mois- 
ture more or less rapidly under atmospheric conditions. The original 
moisture content of 8.5 per cent. decreases to 0.1 per cent. As this is the 
moisture content of dehydrated citric acid, more consistently uniform re- 
sults can be secured by using the acid in the dry form. 

2. The citric acid added to water ices can be accurately accounted for 
by direct titration but in the case of sherbets and ice cream the results are 
consistent only when allowance is made for the alkali required to neutralize 
the dairy products. 

3. The pH of frozen desserts is affected by added citric acid depending 
upon the buffer action of the milk solids. Since sherbets and ices are acid 
fruit products with no or low percentages of milk solids, their pH is below 
5 while that of ice cream and ice milk is above 6. A standard of pH 5 
or below for sherbets and ices is reasonable and could be used to distinguish 
them from sweet frozen desserts like ice cream or ice milk. 








CHEESE SPREADS. II* 
HUGH L. TEMPLETON anp H. H. SOMMER 
Department of Dairy Industry, College of Agriculture, Madison 


In a previous paper’ the subject of cheese spreads was discussed in a 
general manner with special emphasis on the fat and moisture content in 
relation to the spreading quality. In this paper a study will be presented 
of the effect of added milk solids in the form of either skimmilk or whey 
powder, a comparison of the emulsifiers commonly used and the effect of 
the age of the cheese on the texture and body of the finished product. 
Analyses of the samples will be presented to show the range of composition 
that was studied. A few analyses of commercial samples and of foreign 
cheese spreads will be included to show the range of composition of cheese 
spreads now available. The various samples were examined by men in the 
industry and men interested from the standpoint of control. 

In addition to cheese spreads, the terms cheese foods or cheese food com- 
pounds are coming into use to designate products of this type. Some manu- 
facturers prefer to use the latter terms because they are more descriptive of 
the product. Informative labels and advertising usually stress the addi- 
tion of milk solids. 

At the present time there are two rather distinct types of cheese spreads 
of domestic production available in the average retail store. The first is the 
type described previously in which the base is cheese with milk solids added 
either as skimmilk powder or whey powder and with sufficient water to give 
the desired consistency. In the other type the base is cream or cream 
cheese with enough well aged cheese added to give the finished product the 
desired flavor; in order to increase the body, milk solids may be added in 
dry form. Both types of cheese spread contain approximately 2 per cent 
of the emulsifying salt,—sodium citrate, Rochelle salt, or di-sodium phos- 
phate, either separately or in combination. 

In the previous paper’ the attempt was made to keep the composition 
of the samples described approximately the same as that of process cheese. 
The spreads described in this paper have a wider range of composition and 
were more nearly of the same general composition of those of type 1 found 
on the market. In addition there are some samples that represent extremes 
in composition especially in regard to the amount of milk solids added. 

Received for publication November 16, 1933. 

Published with the permission of the Director of the Wisconsin Agricultural Experi- 
ment Station. 

* Paper presented before annual meeting of American Dairy Science Association, 
Urbana, Illinois, June 27-29, 1933. 


1 TEMPLETON, HueH L., and Sommer, H. H. Cheese spreads. JourNAL or Darry 
ScrENCE, Volume 15, page 155, 1932. 
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Table No. 1 gives the composition of the cheese spreads that were made 
in this study. Samples No. 17 and 18 were made of cheese approximately 
2 years old; samples No. 19 and 20, cheese 4 months old; all other samples 
an equal mixture of the two. The fat content was adjusted to the desired 
point by the addition of freshly churned, sweet cream butter. The samples 
were prepared with varying contents of skimmilk powder and whey powder 
so that in a comparison of the two there were comparable lactose contents. 
On the basis of the preference indicated by the judges, seven of tle samples 
were analyzed for lactose, and the results are given in table No. 2. 

In the absence of a score card or other recognized standards for products 
of this type, judges were requested to make their criticisms primarily on the 
body, texture, and spreading quality of the different samples without regard 
to the flavor unless it was so pronounced that they felt that the product 
would be discriminated against by the average consumer. The samples 
were examined when they were about one week old, again at two months, 
and finally after six months’ storage. The number of men participating at 
each examination varied from 5 to 8, and none of them had any knowledge 
of the exact make-up of the samples that they were considering. At the 
two months’ examination, the cheese food compounds were allowed to re- 
main at room temperature without the tinfoil wrapper for twenty hours 
after the first examination and then a second inspection was made by one 
of the authors in order to note which of the samples had held their shape 
and which ones showed leakage of fat. 

From table No. 1 it is possible to obtain a fair picture of the composition 
of each of the samples and the general reaction of the examiners. Samples 
17 and 18 were made up of all old cheese while numbers 19 and 20 con- 
tained only the young cheese; none of these samples met with approval, the 
older cheese being too old, firm, mealy and failing to spread satisfactorily 
while the young cheese was lacking in flavor and its very rubbery texture 
made it very difficult to spread. The samples that were made up with 
sodium citrate were more satisfactory than the others because there was 
no fat leakage except in the very old cheese and all the samples held their 
shape very well except those containing large amounts of whey powder, in 
these samples it was quite evident from the increasing softness with the 
inereasing whey powder that the emulsifying agent was not the responsible 
factor. All of the samples preferred by the examiners contained 2 per cent 
of sodium citrate. The analyses of these samples are shown in table 2. 

With Rochelle salt the spreads were not as satisfactory as those con- 
taining citrate; while most of them had a good body, the rubbery texture 
made spreading difficult. The fat leakage on standing with No. 28 was ex- 
pected on the basis of the examination of the other samples; this defect was 
not noted in any of the other samples in the Rochelle salt series. As was 
expected from the studies on processed cheese in which di-sodium phosphate 





Asoqqni opty, 


ssaqqna opty, 
osvyvel yey ‘osrvog 
osvyuval yey 443g 
oseyvol 387 
oseuyvel yey ‘ysrv0g 
oouvivodde 
iood ‘doy uo yeg 
way 00, 


odeys 4807] 


Asvais—wuy 007, 
Asvoi3—uuy 007, 


ssaqqni—wiy 007, 
way 104} By 
wsy Opis} V 


odeys ploy] 

odeys 4s80ry 

adeys 4so, “4zos 007, 
wig OOF, 

advys 4sory 

odeys 4sory 

edeys 4s0ry 

odeys ploH 

odeys ploy 





SLNAWNWOO 
YaHLo 





ALIIVOO 
ONIdvauds 


TCT 
Ie 
poor 
100g 
eg 
Ite 
100g 


100g 
IB 
BLL | 
‘yO 
100g 
100g 
100g 
100g 
Poors) 
Ite 
xO 
‘x1 ‘O 
pooyy 
“x ‘O 
‘1 ‘O 
IIe 
100g 
100g 
100g 
x ‘O 
Poot) 
poor) 
ITT 
qe 








"41"g ofoyooy—ay { oyeydsoyd wntpos-1p—g ‘oye1319 untpos—y ‘sepMod yyrmuntys—g { sopmod Aoym—M 
‘pasn s}uotposZur oy} JO yyTiem [v}0} OY} 0} poavduiod sv JopMod oY} JO JYSIoM OY} UO posuq st posn Jopmod yjruTUITys 10 Aopmod AoyA Jo yued sed oY, 


ae 
saaqqny 
yyooulg 
[wow 
Aya 
Aureiy 
Aureiyy 


Aureiy 

eg 
Asoqqny 
O81BOL) 
sraqqny 
ssoqqny 
"100g 
100g 

‘yO 

xO 
yyooug 
By 
yjyooug 
uO 
uO 

‘x ‘O 

100d 

as1BOD 

‘iu ‘O 
a81809 OYTL, 
O81809 OVI], 
981809 OUTIL, 
‘x ‘O 

xu ‘O 


‘x 'O 
> ane) 
‘x 'O 
480 AA 
482 AA 
wat 


Ayquinid ‘ywo MA 


780M 
x1 ‘O 
ULIT Sy 
1 ‘O 
wat 
woh 
way 
WIL 
ee 

I 


oo 


Mididid = 
BOOOCOR 


ULIT 

wat 
yBam-FjZog 
4°8 

witg 

YVOM OYA, 
yBOM 
4BOM 

wat 

ult 


@uOLxXaL GNV AGOU 


SINGWNNWOO .Sa90d0r 40 AUVAWOS 








divyg au 08 M 09 6° LF 
—_ OplL u OZ S$ 09 | 8T9F 
divys opty, u O03 M O9 9° 9F 
100d ‘10aBgy YO ud Ot M O09 [ULF 
49}; d 0¢€ M O9 ¥0°0S 
divys ‘10431g d 03 s 09 69°8F 
divys ‘10331q d 0% M O9 cess 
davys ‘10431q d OT M 09 | 3S'8> 
AB oO OF M O09 | 88°97 
IOABY 100g oO OT s 09 9 LP 
10avy YO 0 OT M O09 TZ°0¢ 
Suryovy ‘prdisuy | Oo 03 8 $2 FOS 
pind ‘Zuryoery Oo 02 M 6S 9F' SF 
pozure, Buoys | 9 0% Ss 08 b9'6F 
divys ‘10431¢ O 0% M O09 ¥8°0S 
“= OBL 0 03 S OCT 89°0F 
ulyowy 9 03 S 36 10°et 
x ‘O Oo 03 S OOL | HE tPF 
x ‘O 0 03 S 9P 0°8F 
JOOMS 0 03 S$ 002 | 8sroSs 
JOOMS OBILL 0 03 Ss OsT 90°8F 
yep Opiy oO 0% S 9L | PbLLP 
x1 ‘O 0 0% S 8s | 63°9F 
qOaMs OOF, Oo 03 M OT Sl'8h 
yooms O07, Oo 03 M OST | 89'6F 
ux ‘O 0 03 M OS | 69°8F 
JOOMS | 0 03 M 09 | 98°6F 
OOM 0 03 M OOT | I8'&h 
qOoms 104} 83 0 OS M OOT rae 8 
10}91Q OPI O 0% M 09 | F68F 
x ‘oO 0 03 | M O'S cc’ts 

Pum % = % % 
UOAVIA ——| SHA NI 

UglAISTANA | artos MIIK 


iva 

















00°62 08°88 1g 
9F'8Z 8E'8E 0g 
€1°83 68°88 63 
+983 | 12°68 82 
£2°0€ 69°68 1@ 
€0°0€ 02°88 92 
gc'Le 19°68 93 
92°82 9L'IF ¥Z 
61°63 | L9'LE £2 
cs'le | &2'0F 33 
61°18 Tele Iz 
£282 OS'eF 02 
89°12 €2°6E 61 
$9'08 L3°8€ 8I 
82°08 PF 0F LT 
0L°3S «=| «(08h 9T 
TSS | 36'0F SI 
66°SZ 62° IF ai 
88°83 | 98°68 &I 
ce'0g =| = 88°6e ar 
cose | =«68'0F II 
0r'82 =| «=«(OS0F ot 
Ils | eh Ib 6 
0S'93 «=| «| (86 hP 8 
80°08 0g'6e L 
61°08 92°98 9 
Bh'6 OF 0F ¢ 
0s'Sz 08'IF $ 
ec'0e OF '0F € 
OT'0e 0g'8¢ 3 
¢9'0€ CS'0F T 
% % “ON 
iva UaLva @IdNVS 








Sdvaud8 @SAaHO 40 NOILISOANOD 





spvaids asaayo poyuounsodxg 


T WTaAViL 








376 HUGH L. TEMPLETON AND H. H. SOMMER 


TABLE 2 
Analyses of Cheese Spreads 























: LACTOSE : 
SAMPLE WATER FAT at} ——__—____—_. 
NO. % % oe yee » % PER 100 PaRTS 
© o IN WFS OF WATER 
4 41.80 25.50 43.81 8.13 13.97 19.45 
5 } 40.40 29.42 49.36 4.83 6.10 11.96 
10 «| 40.50 28.40 47.74 4.04 6.79 9.98 
12 | 39.88 30.35 50.48 10.91 18.15 27.37 
13 | 39.86 | 28.88 48.02 3.12 5.19 7.83 
14 41.29 | 25.99 44.34 5.43 9.10 13.15 
16 | 44.20 22.70 40.68 6.68 11.97 15.11 
TABLE 3 
Analyses of Commercial Spreads 
7 ; FAT 
SAMPLE WATER | FAT IN WFS 
(BRAND) %o % % 
A 42.00 26.67 45.99 
A* 42.93 | 26.33 46.13 
B* 43.87 25.05 44.62 
Cc* 45.18 | 23.59 43.03 | 
c | 4286 | 225 | 4.19 | 
D* | 4997 | 30.71 61.38 
E* | 53.42 16.00 34.35 A foreign made Swiss spread made 
from partly skimmed milk 
a 65.28 | 752 | 21.66 | A foreign made Swiss spread made 
from partly skimmed milk 
G* 42.09 27.00 46.62 Foreign type process Swiss cheese 
H* 41.89 32.99 56.77 Foreign type Swiss cream cheese 
- | 44.35 31.87 57.27 Foreign Camembert cheese 
J* 54.83 17.16 37.99 Foreign type cheese spread sold in 
metal tube 








* These data furnished by the courtesy of Mr. Harry Klueter, Wisconsin Department 
of Agriculture and Markets. 


was used, the cheese food compounds with this salt as emulsifier were rather 
weak in body and showed considerable fat leakage. Sample No. 24 with 
only 1.0 per cent of emulsifier had a layer of fat on the upper surface that 
gave the spread a very unattractive appearance. With the larger amounts 
of the emulsifier there was no free fat on top, but there was a decided loss 
of fat from the cheese spread when it was left at room temperature for any 
length of time. 

In the comparison of the two forms of added milk solids, it was inter- 
esting to note from table 2 that five of the seven samples receiving prefer- 
ence were made with skimmilk powder. The cheese food compounds con- 
taining whey powder were noticeably weaker in body and it was very inter- 
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esting to note the difference in the rate at which they lost shape when the 
supporting tinfoil was removed. With samples No. 7 and No. 8, as soon 
as the tinfoil was removed, the cheese spread began to flatten out until at 
the end of four or five hours they had lost all semblance of their original 
rectangular shape. The samples with whey powder had a characteristic 
sweet taste that became rather too pronounced and somewhat disagreeable 
when more than ten per cent of whey powder was used. With the higher 
concentrations of either of the dry powders some of the examiners noted 
that the samples were a trifle gritty indicating the formation of lactose 
erystals, but this comment was not unanimous and a second careful exami- 
nation of the cheese spread failed to show any microscopic crystals. 

In view of the amount of lactose that was present in some of the samples 
and in view of our previous result’ it was expected that lactose crystals 
would be found. This led to a careful review of the methods. In the 
earlier work the cheese mass was not drawn from the kettle as soon as the 
desired temperature was reached, but the stirring was continued for some 
time as some more cheese had to be added to give the mass in the kettle the 
desired consistency. In all the samples described in this paper the cheese 
mass was drawn from the kettle at 150° F. without further agitation and 
this no doubt accounts for the failure to have large crystals form. In dis- 
cussing this question with a commercial processor, it was found that this 
conclusion is in harmony with practical experience. 

Table No. 3 presents a few analyses of commercial samples of cheese food 
compounds. At the present time there are a number of foreign types of 
process cheese and cheese spreads on the market and this table is included 
to indicate their composition. Brand ‘‘D’’ represents type No. 2, a cheese 
food compound made up on a cream cheese base. With cheese spreads of 
the foreign types it is often stated on the label that they ‘‘spread like 
butter.’’ 

Cheese food compounds seem to meet a demand on the part of the con- 
suming public. It is reported that the cheese used in the manufacture of 
these products amounts to more than twenty million pounds per year. It 
would seem that any product using such an amount of cheese and other 
dairy products is worthy of study and encouragement. 


SUMMARY 


Whey powder tends to give a weaker body to cheese spreads than skim- 
milk powder, but it also gives a rather distinctive sweet taste that may be 
very agreeable to some consumers. 

When used in the proper proportions skimmilk powder gives a product 
that seems to meet with quite general approval. The cheese food compound 
can be spread easily, or, if occasion demands, may be sliced in a satisfactory 
manner. 
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The use of sodium citrate gave a very satisfactory product as there was 
no fat leakage except with very old cheese and the body of the samples con- 
taining this salt was more uniform than that produced with either Rochelle 
salt or di-sodium phosphate. With the latter salt there was a greater 
tendency to fat leakage than with either of the other emulsifiers. 

In order to obtain a satisfactory product it is advisable to blend cheese 
using some old cheese for the flavor. The use of very old cheese alone is 
apt to give a product that is grainy and shows fat leakage, while with young 
cheese alone the finished product is too rubbery to spread easily. 

The choice made by the different examiners indicates that preference 
varies with the individual taste. It is therefore impossible to give any com- 
position formula that would meet with universal approval. 

In conclusion the authors wish to thank all those men who examined the 
samples of cheese food compounds and offered their comments. This work 
was carried on under a fellowship sponsored by Chas. Pfizer and Company, 
Ine., to whom the authors also express their appreciation. 








THE FAT PERCENTAGE OF MILK AS AFFECTED BY FEEDING 
FATS TO DAIRY COWS 


NAT N. ALLEN 
Division of Dairy Husbandry, University of Minnesota 


INTRODUCTION 


The part played by the fat of the food in the formation of milk fat has 
been, for many years, a question of great interest to those concerned with 
problems of milk production. A large number of publications are found 
which have a bearing upon this question, some of them having appeared 
more than fifty years ago. A study of these papers gives no entirely satis- 
factory answer to the question, since the conclusions reached by the differ- 
ent investigators are not at all in agreement, although a number of experi- 
ments have given rather convincing evidence that the addition of certain 
fats to the ration will cause an increase in the fat content of the milk. The 
literature upon this subject is so extensive that no attempt is made to re- 
view it in this paper. 

Jordan and associates (3) (4), feeding rations from which most of the 
fat had been extracted, showed very conclusively that nutrients other than 
fat may be the source of milk fat. Maynard and McCay (5), following a 
procedure similar to that of Jordan and associates, have recently found that 
replacing nearly all of the fat of the ration with an isodynamic amount of 
starch resulted in a marked decrease in the yield of both milk and butter- 
fat. The fat percentage was found to be variable and no evidence was ob- 
tained to show that it was lowered by the reduced fat intake. There is no 
justification, however, for assuming that the same principles will hold true 
when the fat content of the ration is increased above that normally encoun- 
tered. 

The one case involves a deficiency for which the cow has a reserve in the 
form of body fat from which she may draw. Eckles and Palmer (2) found 
that when cows were forced to draw upon their reserve because of under- 
feeding, the fat content of the milk was increased. The condition produced 
by a ration deficient in fat might be somewhat analogous to that produced 
by underfeeding and it is conceivable that the fat content of the milk might 
even be increased by reducing the fat intake to extremely low levels. 

Tn the case of addition of fat to a ration already adequate in fat content, 
a situation is created where there may be available to the mammary gland 
a relatively large amount of material which may be particularly well suited 
to the production of milk fat. 
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Most of the studies upon the relationship of the fat intake to the fat con- 
tent of the milk have been carried out by feeding substances of high fat con- 
tent or by direct addition of fats or oils to the ration. It has been definitely 
shown that certain fish oils, when fed to dairy cows, will depress the fat con- 
tent of the milk. The fish oils have characteristics markedly different from 
those of fats normally found in feedstuffs and constitute a problem in them- 
selves. The conflicting results and conclusions of the experiments involving 
other oils and fats do not give a very satisfactory answer to the question, 
and for this reason it was considered desirable to undertake a more compre- 
hensive study of this problem. 

This paper deals primarily only with one phase of the problem, namely, 
the immediate effect of increasing the fat content of the ration. This im- 
mediate effect, in addition to its fundamental importance, has a very signifi- 
eant practical application in connection with the problems of advanced 
registry and dairy herd improvement association testing, where the yearly 
production of dairy cows is estimated from the production during test 
periods of one or two days’ duration at monthly,or bimonthly intervals. The 
accuracy of such estimates depends entirely upon whether or not the short 
test periods are truly representative of the average for the longer periods 
which they govern. 

EXPERIMENTAL 


In each of these experiments, the cows were divided into two groups as 
nearly alike as possible from the standpoint of breed, production, size, and 
condition. The periods were of six days’ duration. A period in which the 
basal ration was fed always intervened between periods in which the fat was 
added to the ration. The two groups were alternated so that one was al- 
ways receiving the basal ration while the other received the experimental 
ration. The ration was changed in each case with the evening milking of 
the last day of each period. The full effect of the change of ration usually 
did not appear until the second day after the change, although some effect 
often was noted on the first day. For this reason, the first day of 
each period was considered as a transitional period and the production dur- 
ing the remaining five days was used in calculating the average daily pro- 
duction. 

The milk was tested for butterfat by the Babcock method. The samples 
were prepared by taking aliquot portions of the morning and the evening 
milking of each cow and mixing these two samples together, thus securing 
individual samples which were used as a basis for computing the individual 
daily butterfat production. The total milk and butterfat production of 
each cow was calculated for each five day period and from these figures the 
average butterfat percentage for the period was derived. 

In assembling these data for presentation in graphical form, the total 
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milk production of Group 1 during the period of fat feeding was added to 
the total milk production of Group 2 during the following period when 
Group 2 received the same treatment. The milk production of the two 
groups during the corresponding control periods was likewise added. From 
these figures the average daily milk production was calculated for the ex- 
perimental ration and likewise for the basal ration. The average daily but- 
terfat production and the mean butterfat percentage were calculated in a 
similar manner. By this method of grouping, such influences as advancing 
stage of lactation, or effects of atmospheric conditions are largely compen- 
sated. In figures 1, 2, 3, and 4, the solid line connects the points represent- 
ing the average performance of the two groups thus calculated during the 
portion of the experiment when they received the experimental ration. The 
broken line connects the points representing the average performance of the 
same animals during the portion of the experiment when they received the 
basal ration. This provides a basis for comparison regardless of any fac- 
tors such as weather conditions or advance of lactation which might exert 
a specific influence upon both groups of animals. 

The cows were at all times fed slightly above their requirements as cal- 
culated by Haecker’s feeding standards, to eliminate the possibility of en- 
countering the factor of underfeeding. Any necessary adjustments of the 
ration were made on the basis of the production during the control periods. 

The fat was fed in every case by melting and pouring it over the grain 
mixture while it was still warm. It was then thoroughly mixed by rubbing 
between the hands until each particle of feed was coated with a film of fat 
and had an oily appearance. 

No serious difficulty was encountered at any time in getting the cows to 
eat the feed to which the fat was added, nor were any digestive disturbances 
noted due to its presence. 


Experiment I 


It has previously been found (1) that the addition of large amounts of 
whole milk or cream to the ration of dairy cows caused a very marked in- 
crease in the butterfat content of the milk as the result of a corresponding 
increase in butterfat production. The fact that feeding skimmilk did not 
influence the fat content of the milk indicated that the fat of the whole milk 
or cream was responsible for this effect. 

Theoretically, butterfat should be the ideal fat for causing increases in 
the fat content of milk since it supplies in the correct proportions all of the 
materials necessary for such an increase. When fed in the form of milk or 
cream it is in a finely emulsified form in which condition it might be more 
effective than if fed as an undispersed fat. Experiment I was planned to 
determine whether or not the butterfat has a similar effect if fed in an un- 
emulsified form and also to find if other common fats have an effect similar 
to that of butterfat. 





382 NAT N. ALLEN 


For this experiment the cows were fed alfalfa hay at the rate of 
1 pound, and corn silage at the rate of 3 pounds, per 100 pounds of body 
weight. A grain mixture of 5 parts each of oats, barley, and corn; 2 parts 
wheat bran; and ] part each of corn gluten meal, linseed meal, and cotton- 
seed meal was fed according to the production of the animal. During the 
periods of fat feeding, the fat was merely added to the ration with no at- 
tempt to compensate for the additional energy intake. The fat was added 
to the grain mixture at the rate of 1 pound for each 10 pounds of grain. 
Thus, a cow receiving 10 pounds of grain during the control period received 
10 pounds of grain plus 1 pound of fat during the experimental period. 
The additional fat thus received by each cow was approximately equal to 
her butterfat production. The experimental animals included two Hol- 
stein, two Jersey, and two Guernsey cows. 

Linseed oil, lard, corn oil, cottonseed oil, tallow, and butterfat were fed 
in the order indicated. The linseed oil was a good grade of raw oil. The 
lard, corn oil, and cottonseed oil were refined products prepared for cooking 
purposes. The tallow was an edible grade of rendered beef fat. The but- 
terfat was rendered from a good grade of fresh butter. 

In order to determine whether or not the increased energy of the added 
fat was a factor, cane sugar was fed instead of fat to each group during one 
period. The sugar was added to the ration at the rate of 2.25 pounds to 
each 10 pounds of concentrates, thus securing an increase in energy intake 
comparable to that secured when the fat was added, without any change in 
the fat intake. 

Figure 1 shows the behavior of the six cows included in the experiment. 
The individual cows responded in the manner characteristic of the group in 
every case except one. One Holstein cow, when fed 1.25 pounds of linseed 
oil, produced less butterfat and her milk contained a lower percentage of 
butterfat than during the previous or following period when she received 
only the basal ration. Every other cow in the group responded to the lin- 
seed oil with an increased content of fat. 

No change in milk production which could be considered significant was 
observed. The butterfat production and percentage were decidedly in- 
creased during the periods of fat feeding, the full effect appearing usually 
on the second day after the fat was first fed. The cows promptly returned 
to their normal test when the fat was removed, the effect having practically 
disappeared by the second day after the fat feeding was discontinued. 

The effect of all of the fats included in this experiment was quite simi- 
lar with no significant indication that any one was more effective than the 
others. The experiment demonstrated conclusively that it is not necessary 
that the fat be fed in an emulsified form in order to secure the effect. 

Increasing the energy intake by addition of carbohydrates in the form 
of cane sugar to a ration already adequate for the need of the cow had no 
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Fig. 1. MILK aND BUTTERFAT PRODUCTION AS INFLUENCED BY ADDITION OF VARIOUS 
Fats orn CANE SUGAR TO THE RATION. (Experiment I.) Average for two Holstein, two 
Guernsey, two Jersey cows by five day periods. Fats added during experimental portion 
of periods 1 to 12 at the rate of 1.0 pound per 10 pounds of grain Sugar added during 
periods 13 to 14 at the rate of 2.25 pounds per 10 pounds of grain. 


immediate effect upon milk or butterfat production nor upon butterfat per- 
centage. This indicates that the effect of the food fats was not due to the 
additional energy which they supplied, but to the nature or properties of 
the fats. 

Experiment II 


This experiment was planned to study the relationship between the ex- 
tent to which the fat intake is increased and the degree to which the fat con- 
tent of the milk is affected. In this experiment and those following, the 
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energy intake was kept constant by decreasing the carbohydrates of the ra- 
tion sufficiently to compensate for the fat which was added. 

The cows were fed alfalfa hay as roughage. The grain mixture con- 
sisted of 2 parts barley, 1 part bran, and 1 part oats. In addition, 2 pounds 
of dried beet pulp were soaked and fed daily to each cow. Sufficient starch 
was fed during the control periods to equal, in energy value, the largest 
amount of fat which was to be fed. When fat was added, the starch was 
reduced sufficiently to keep the energy intake constant. 

In determining the amount of fat to be fed to the individual cows, both 
the size of the cow and the level of production are factors which must be 
considered. Production being equal, the larger cow has a greater volume 
of blood, probably with a relatively small proportion circulating through 
the mammary gland where the circulation is no doubt related, to some ex- 
tent, to the secretory activity. Consequently, by feeding a given amount 
of fat, the butterfat production of the larger cow might not be influenced 
to the same extent as the butterfat production of a smaller cow producing 
the same amount. Likewise, the cows being of the same size, the mammary 
gland of the higher producer would probably have available a greater pro- 
portion of the additional alimentary fat, since the more active gland would 
probably receive a relatively greater portion of the blood flow than would 
the gland in a less active state. This complicating factor was eliminated 
by selecting cows as nearly as possible of the same body weight and of the 
same butterfat production. Two Jersey and two Guernsey cows, averaging 
about 1000 pounds in body weight and varying by less than 75 pounds, were 
selected. Each was producing approximately 1.25 pounds of butterfat 
daily at the beginning of the experiment. Butterfat was fed at successive 
levels of 1.25 pounds, 0.25 pound, 0.50 pound, 0.75 pound, and 1.0 pound 
daily, with intervening periods on the basal ration. The cows were divided 
into two groups and the groups were alternated as before. The highest 
level of fat increase in the ration was equivalent to the butterfat produc- 
tion of the cows, or about 0.125 pound of fat per 100 pounds live weight. 
The lowest level was slightly more than the increase in butterfat production 
due to feeding the larger amount. This smallest amount was sufficient, if 
it were all recovered in the milk fat, to produce an effect as great as that 
secured by feeding 1.25 pounds daily. 

Figure 2 shows the relative effects of the different levels of fat intake. 
There was no significant difference in the milk production. The butterfat 
percentage was definitely increased by raising the fat content of the feed. 
As the amount of fat in the ration was increased, there was an increased 
effect upon the fat content of the milk until, with the daily feeding of 1.0 
pound of butterfat, the effect appeared to be fully as great as when the 
highest level of 1.25 pounds was given. The effect at the lowest level was 
slight but there could be little doubt that the difference was actually due to 
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Fic. 2. MILK AND BUTTERFAT PRODUCTION AS INFLUENCED BY FEEDING DIFFERENT 
AMOUNTS OF BUTTERFAT. (Experiment II.) Average for two Guernsey and two Jersey 
cows by five day periods. Butterfat replacing starch in ration. Energy intake kept 
constant. 


the difference in the fat content of the rations. Every cow responded in 
the manner characteristic of the group. 


Experiment III 


This experiment was conducted in the same manner as Experiment II 
with a similar group of two Jersey and two Guernsey cows and using the 
same ration except that raw linseed oil instead of butterfat was included at 
successive levels of 0.25, 0.50, 0.75, 1.00 and 1.25 pounds daily to each cow. 
Figure 3 shows the results of this trial. The behavior of every cow agreed 
with that of the group at the three higher levels. One Jersey cow when 
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Fic. 3. MILK AND BUTTERFAT PRODUCTION aS INFLUENCED BY FEEDING DIFFERENT 
AMouUNTS OF LINSEED O1L. (Experiment III.) Average for two Guernseys and two 
Jersey cows by five day periods. Linseed oil replacing starch in ration. Energy intake 
kept constant. 


receiving 0.25 pound and 0.50 pound of linseed oil daily had a slightly lower 
butterfat percentage but higher milk and butterfat production than for the 
adjacent periods on the basal ration. She was the only exception even at 
the lower levels. 

In general, the results of this experiment agreed with those of Experi- 
ment II, showing that even small increases in fat intake cause a slight in- 
crease in the fat content of the milk. With larger increases in the fat in- 
take, the effect upon the fat percentage of the milk is greater. 
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Experiment IV 


This experiment differed from the two preceding in that cocoanut oil, 
of a grade prepared for cooking purposes, was included in the ration at 
successive levels of 1.25, 0.75, and 0.25 pounds daily to each of six cows. It 
was not found possible at this time to select cows of uniform weight and 
production, consequently the relationship of fat intake to these two factors 
was not the same in all individuals. Two Holsteins, two Jerseys, and two 
Guernseys were used. As shown in figure 4, the butterfat test was greatly 
increased when 1.25 pounds of cocoanut oil were fed. Less marked in- 
ereases appeared when smaller amounts of the oil were fed. 

The most interesting point in the behavior of cocoanut oil was its effect 
upon milk yield. In every individual case, the milk yield was very defi- 
nitely lowered during the period when 1.25 pounds of cocoanut oil were fed, 
with a recovery as soon as the cow was returned to the basal ration. The 
increased fat percentage of the milk was secured entirely through the lower 
milk yield, the butterfat yield remaining constant or being slightly lowered. 
When 0.75 or 0.25 pound of cocoanut oil was fed daily, the milk yield was 
not affected, the increased fat content being due to greater butterfat pro- 
duction. This was the only instance where the feeding of any of the oils 
or fats included in these studies showed any definite immediate effect upon 
milk yields. 

Experiment V 


This experiment was planned to determine the effect of soybean oil and 
peanut oil upon the fat content of the milk. Two Holstein cows, two Jer- 
seys, and two Guernseys were included. The basal ration was the same as 
that used in Experiments II, III, and IV. Soybean and peanut oils (both 
of a grade suitable for cooking purposes) were fed, using the same plan as 
before with a period in which the basal ration was fed preceding and fol- 
lowing each period of fat feeding. Each of the cows received 1.25 pounds 
of the oil daily. The energy intake was kept constant by decreasing the 
amount of starch in the ration when the fat was added. 

The average results are shown in figure 4. Each individual responded 
in every case with an increased butterfat percentage when the oils were fed. 
The butterfat production was increased about 10 per cent. No uniform 
effect upon the milk yield was observed. In general, the effect of these two 
oils was quite similar to that of the fats studied in Experiment I. 


Experiment VI 


Throughout these experiments as well as in a previous study (1), it was 
observed that, when fats were added to the ration of cows, a definite inter- 
val of time elapsed before the effect was observed in the milk. Similar ob- 
servations have also been reported by others. When fat was first added at 
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Fic. 4. MILK AND BUTTERFAT PRODUCTION AS INFLUENCED BY FEEDING DIFFERENT 


Amounts or Cocoanut Om. (Experiment IV—left.) Average for two Holstein, two 
Guernsey, and two Jersey cows by five day periods. Cocoanut oil replacing starch. 


Energy intake kept constant. 
MILK AND BuUTTERFAT PRODUCTION AS INFLUENCED BY FEEDING 1.25 PouNnps DAILY 


or Soy-BEAN OIL AND OF PEANUT OIL. (Experiment V—right.) Average for two Hol- 
stein, two Guernsey, and two Jersey cows by five day periods. Oils replacing starch. 
Energy intake kept constant. 


the time of the evening milking, little change in the fat content of the milk 
was noted during the following day, but the full effect seemed to have ap- 
peared by the second day.- Likewise, when the fat feeding was dis- 
continued, the last fat being fed at the time of the morning milking, the fat 
content of the milk did not return to normal until the second day following 
the change. In all of these experiments the butterfat tests were made upon 
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composite samples, including both the morning and the evening milk. For 
this reason the duration of this lag in the effect of the fat could only be esti- 
mated within approximately 24 hours of the exact time. With the view of 
establishing this time more accurately, eleven different cows ; including three 
Jerseys, three Guernseys, and five Holsteins; were milked at six hour inter- 
vals and each milking was tested separately. 

The cows were fed the basal ration until they became thoroughly accus- 
tomed to the more frequent milking. Extreme care was observed to milk 
the cows entirely dry at each milking as incomplete removal of the milk 
from the udder is a very important factor in causing variations of the tests. 
Even with this precaution, the fluctuations are sufficient to introduce some 
confusion in determining the exact point at which the influence of the in- 
gested fat first appears in the milk. In most cases, however, the change is 
sufficiently abrupt that it can be recognized readily when the fat percentage 
for each milking is compared with that of the corresponding milking on 
previous days. 

Table 1 shows the results of these observations. The time at which the 

TABLE 1 
Time required after feeding butterfat for its influence upon the milk to be observed, and 
after removal from ration for its effect to disappear 


(Experiment VI) 





FIRST ADDITION OF FAT 0.35 | SECOND ADDITION OF FAT 0.35 | SINGLE FEED 


















































| POUNDS PER FEED OR POUNDS PER FEED OR OF FAT 1.0 

1.4 POUNDS DAILY 1.4 POUNDS DAILY POUND 
OW 
‘xo. BREED | Effect first | Effect last | Effect first Effect last 

observed | observed | observed observed Period of 

| | after first after last after first after last |4efinite effect 

| | feed of fat | feed of fat | feed of fat feed of fat | after feeding 

| | hours hours hours | hours | hours 

Trial 1 ‘ 
155 | Jersey | 18 to i Ba 36 | 12 to 18 doubtful 18 to 24. 
167 Jersey 12 to 18 30 to 36 18 to 24 30 to 36 24 to 30 
190 Jersey 12 to 18 | 30 to 36 12 to 18 30 to 36 18 to 30 
539 Guernsey 12 to 18 30 to 36 12 to 18 30 to 36 18 to 30 
382 Holstein 18 to 24 | 24 to 30 24 to 30 30 to 36 18 to 24 
402 | Holstein 18 to 24 | 30 to 36 | doubtful 36 to 42 | 24 to 30 
411 Holstein 18 to 24 | 30 to 36 24 to 30 doubtful doubtful 
417 Holstein 18 to 24 30 to 36 18 to 24 doubtful 18 to 30 
Trial 2 

167 | Jersey | doubtful | 36 to 42_ Peseae 6a 2 ee 
190 | Jersey 18 to 24 36 to 42 doubtful 
411 Holstein doubtful doubtful 18 to 24 
419 Holstein doubtful 30 to 36 18 to 24 
539 Guernsey 12 to 18 30 to 36 18 to 24 
545 | Guernsey 12 to 18 30 to 36 36 to 42 
551 | Guernsey 12 to 18 30 to 36 24 to 36 
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influence of the fat is first observed can be determined only within a range 
of six hours since the cows were milked at six hour intervals. The milk 
which is removed from the udder at the third milking after the change of 
feed is that which was produced between the twelfth and the eighteenth 
hours after the change. If this particular lot of milk is the first to show 
the influence of the addition of fat to the ration, it can only be said that 
the effect was not secured by the twelfth hour but had definitely appeared 
by the eighteenth hour. Similarly, when the fat is omitted from the ration, 
if the milk first fails to show the influence of the fat at the fifth milking 
after the change, the effect must have disappeared by the time of the pre- 
vious milking or within 24 hours after the fat intake was lowered. This 
last milking to show the higher fat content having been produced between 
the eighteenth and the twenty-fourth hours, it may be assumed that the 
effect of the fat was still present after eighteen hours but had vanished by 
the twenty-fourth hour. 

In the cases recorded as doubtful, the exact point at which the effect 
appeared could not be accurately distinguished due to fluctuations in the fat 
percentage. In every case, however, the influence of the change of feed 
could be unmistakably observed. 

In trial 1, butterfat was added to the regular ration at the rate of 0.35 
pound per feed or 1.4 pounds daily during two periods with intervening 
periods on the basal ration. After recovery from the second period of high 
fat intake, a single feeding of 1.0 pound of butterfat was given. 

In trial 2, 1.4 pounds of butterfat were substituted daily for starch, 
equivalent in energy value, during a single period. After time had been 
allowed for recovery on the basal ration, 1.0 pound of fat was given at a 
single feeding. 

Evidently, at least 12 to 24 hours, or perhaps on the average about 18 
hours from the time of ingestion of fat, is required for the digestive and 
circulatory systems to place the first of this fat at the disposal of the mam- 
mary gland and for the gland to utilize it in the formation of milk fat, and 
about another 12 hours is required for the completion of the digestion and 
utilization of the ingested fat by the cows. The effect of a single heavy 
feed of fat appeared in about the expected time and the maximum effect 
persisted during only one or two milkings. 

In general, the Holstein cows appeared to be somewhat slower in their 
response to the feeding of fat than were the Guernseys or Jerseys, but 
recognizing the limitations of the method as to the accuracy with which the 
first appearance of the effect could be observed, this can not be stated as a 
definite fact. 

DISCUSSION 


The almost perfect consistency of the results of these experiments can 
leave little doubt that the increased butterfat content of milk secured by 
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feeding fats to dairy cows is the effect which is characteristic of such fats. 

During the course of these experiments and those previously reported 
(1), thirty different cows, including six Guernseys, ten Jerseys, and four- 
teen Holsteins, were used. In only one case, of the almost two hundred 
times that the fat intake of individual cows was increased by more than 
one-half pound daily, was there a failure to respond with an unmistakable 
inerease in the fat content of the milk. This single exception was the Hol- 
stein cow reported under Experiment 1. 

Butterfat, lard, tallow, corn oil, cottonseed oil, linseed oil, soy-bean oil, 
peanut oil, and cocoanut oil, when fed to adequately nourished lactating 
cows, were found to cause an increase in the fat content of the milk. This 
effect was secured either by adding the fat to an already adequate ration 
or by substituting the fat for carbohydrates of equivalent energy value. 
Increasing the energy intake by adding carbohydrates in the form of sugar 
to a ration already meeting the nutrient requirements of the cow did not 
influence the milk or butterfat production, nor the fat content of the milk. 

It appears, therefore, that the increase in the fat content of milk secured 
by feeding fat is due to properties of the fat which render it more suitable 
material for milk fat production than other nutrients. The digested fat, in 
whatever form it may be made available to the mammary gland, is appar- 
ently particularly well adapted to the synthesis of milk fat, although un- 
questionably milk fat may be synthesized from carbohydrates or proteins 
of the ration, either directly or through the medium of body fat. That the 
food fat actually supplies the material from which at least part of the 
additional butterfat is produced is evidenced by the fact that the butterfat 
may take on properties characteristic of the fat which is fed. 

The influence of the food fats is exerted regardless of the breed of the 
cow, stage of lactation, level of production, or season of the year. 

The extent to which the fat percentage is affected is to a large degree 
proportional to the amount of fat which is fed. No evidence was observed 
that would indicate any depressing effect upon the fat content of the milk 
due to feeding large amounts of fat, although no attempt was made to de- 
termine the absolute maximum amounts which could be fed with favorable 
results. All of the fats were fed in amounts as high as 1.25 pounds daily 
and as much as 2.0 pounds daily were fed in some cases. This is far above 
the level that would be reached ordinarily with practical feedstuffs. 

It is difficult to determine the minimum amount of added food fat which 
will influence the fat content of the milk. The fat percentage of the milk 
is subject to considerable fluctuation even though the ration is unchanged. 
This may be overcome partially by regularity in the time of milking and 
by care in removing all of the milk from the udder each time the cow is 
milked. Even with these precautions a certain amount of fluctuation is 
unavoidable. When dealing with small increases in the fat intake, the effect 
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is within the range of these fluctuations and consequently the results, par- 
ticularly with individual cows, are likely to be inconsistent and difficult 
to interpret. The fluctuations in some cases will compensate for the influ- 
ence of the feed while in other cases they may accentuate it. Possibly 
even very small increases in the fat intake may exert some influence, but 
inability to eliminate all other factors limits the ability to observe such 
effects. As soon as the increase in fat intake is sufficient so that its effect 
is greater than the range of the ordinary fluctuations, the results become 
consistent and are clearly observed. Many of the investigations upon this 
question have involved increases in the fat intake which were not sufficient 
to give clear cut results. This factor has probably been responsible for 
much of the disagreement in the conclusions reached by different in- 
vestigators. 

In addition to these random fluctuations of individual cows, unknown 
factors are encountered, which probably are connected with atmospheric 
conditions, and which frequently cause the fat percentage for entire herds 
of cows to rise or fall. An example of such a case is seen in Experiment I 
in which all of the cows had a considerably lower butterfat percentage dur- 
ing the mid-portion of the experiment than at the beginning or the end. 
Without proper control groups as a basis for comparison, such fluctuations 
as this might easily obscure the results, even when large amounts of fat are 
fed to groups containing several animals. 

It could not be concluded on the basis of these experiments that any 
one of the fats included is more effective than the others as their behavior 
was quite similar. The only notable exception is cocoanut oil, which, when 
fed at the rate of 1.25 pounds daily, apparently caused a marked decrease 
in milk production. The butterfat production was maintained, however, 
and consequently the milk had a much higher fat content. When fed at 
the rate of 0.75 pound or less daily, the cocoanut oil did not seem to influ- 
ence the milk yield but caused an increase in butterfat yield and conse- 
quently in the fat content of the milk. 

In all eases, except the one noted when the largest amount of cocoanut 
oil was fed, the increased butterfat percentage appeared to be secured en- 
tirely through increased butterfat production: This is a very significant 
fact since an increase in fat percentage may be secured to an equal degree 
by a decrease in milk yield, the fat yield remaining constant or being re- 
duced to a lesser extent. It is doubtful if it is ever justifiable to consider 
the fat percentage alone since the fat percentage is merely an expression 
of the relationship between the amount of milk produced and the amount 
of fat produced. If fat percentage and milk yield are considered as the 
characters which are controlled or influenced by factors of heredity or en- 
vironment, then it must be assumed that butterfat yield is merely a rela- 
tionship between the fat percentage and the milk yield. It seems much 
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more plausible and in better keeping with the present knowledge of the 
physiology of milk secretion to think of milk yield and butterfat yield as 
being the characters which are influenced directly, the fat percentage being 
merely a relationship which may be changed by an increase or decrease in 
either milk yield or in butterfat yield without a corresponding change in 
the other. 

It has been generally observed that the secretion of fat in the mammary 
gland is to a certain degree independent of the secretion of the plasma 
portion of the milk. It is to be expected, however, that the relationship 
of the fat to the non-fat portion of the milk, expressed as fat percentage, 
will remain relatively constant, since factors such as the stimulus of hor- 
mones which influence the degree of activity of the gland will to a large 
extent affect both alike. In some cases, however, it may be possible to in- 
fluence one without a corresponding influence upon the other. 

When cows in a very fat condition are underfed and thus forced to draw 
upon their reserve food supply, consisting largely of fat, it has been shown 
by Eckles and Palmer (2) that the fat content of the milk is increased. 
Presumably this is due to the fact that this reserve, when returned to the 
blood stream, provides the mammary gland with material particularly well 
adapted to production of milk fat. If the cows are in advanced stages of 
lactation, this is accompanied by a rapid decline in milk production. The 
decline in butterfat production is less rapid, probably because the reserve 
of fat producing materials is more adequate than the reserve of materials 
such as protein which are necessary for the production of milk. Care was 
observed in this experiment to provide ample nutrients for the cows at all 
times by feeding slightly above their requirements, thus eliminating under- 
feeding as a possible factor in the results. The only case of underfeeding 
encountered was that of a heavily producing Holstein cow, which was un- 
able to consume sufficient feed to satisfy her nutrient requirements. This 
cow, although she was underfed and drawing extensively upon her body 
reserves as indicated by a rapid loss of weight, responded to increased fat 
intake with a very marked increase in butterfat yield and butterfat per- 
centage. Since the underfeeding may have been a contributing factor, the 
data for this cow were not included when the results of this particular 
experiment were summarized, but her behavior suggests that underfeeding 
at least does not seriously interfere with the response to increased fat 
intake. 

The increase in butterfat production due to feeding fats was usually 
equivalent to but 10 to 20 per cent of the additional fat which was fed. It 
is hardly to be expected that the returns would be much greater when it is 
considered that the mammary gland merely receives an unselected portion 
of the blood supply and that any nutrients which may enter the blood 
stream are available, not only to the mammary gland, but at the same time 








394 NAT N. ALLEN 


to all other parts of the body as well. In utilizing this alimentary fat the 
mammary gland is thus placed in competition with the other parts of-the 
body where this material may be utilized as a source of energy or for stor- 
age as body fat. It is possible that the condition of the animal or the plane 
of nutrition might be factors which would influence the relative amount 
of the alimentary fat which would be utilized by the mammary gland for 
production of milk fat. 

There appears to be no reason to believe that, when the fat intake is 
increased, the resulting increase in butterfat content of the milk is due to 
any cause other than a specific influence of the fats themselves. It seems 
most probable that this is due to the fact that this alimentary fat supplies 
to the mammary gland material which is particularly well adapted to the 
production of milk fat. 

The delay in the response to fat feeding and the residual effect after the 
fat feeding is discontinued are probably due merely to the time required 
for the digestive and circulatory organs to place this material at the dis- 
posal of the mammary gland and for the secretory process to take place. 
When the fat intake is reduced to normal after a period of high fat intake, 
the butterfat production merely returns to normal and gives no evidence 
of being depressed to a subnormal level as would be likely to happen fol- 
lowing an increased fat production due merely to a physiological upset or 
to a purely stimulative action comparable to that of drugs. There was no 
outward evidence of any digestive disturbance or physical disorder of any 
kind with the changes in fat intake. 

These experiments were planned primarily to study the immediate effect 
of changes in fat intake upon the fat content of the milk. The six day 
periods were entirely satisfactory for this purpose but are inadequate for 
observations upon the influence of continued high fat intake. Experiment 
I, however, presents an interesting case in which a group of cows received 
a high fat intake during alternate periods including more than one-third 
of their entire lactation period. During this entire experimental period, 
considered as a whole, the average butterfat content of the milk of every 
cow was considerably above normal due to the fact that it was markedly 
increased during the periods of high fat intake, which constituted one-half 
of the total time. It is difficult to reconcile these facts and the continued 
response to the changes of fat intake with the generally accepted belief 
that the fat percentage will soon return to normal with continued fat feed- 
ing. It is doubtful if this has been adequately proven experimentally, and 
it is hoped that more satisfactory evidence will be secured from experiments 
now under way covering entire lactation periods. 


SUMMARY 


, 1. The fat content of the milk of dairy cows was markedly increased 
when the fat content of the ration was increased during six day periods by 
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feeding butterfat, lard, tallow, linseed oil, cottonseed oil, corn oil, peanut 
oil, soy-bean oil, or cocoanut oil. 

2. The degree to which the fat percentage of the milk was influenced 
was, to a large extent, proportional to the amount of fat which was fed. 

3. The increase in the fat content of the milk was secured regardless 
of the breed of the cows, stage of lactation, level of production, or season 
of the year. 

4. The increase in fat percentage was due primarily to increased butter- 
fat production, since the milk yield was influenced only to a slight extent, 
except in the case of cocoanut oil which appeared to cause a depression of 
milk yield when fed in large amounts. 

5. The increased amount of butterfat in the milk was equivalent to but 
10 to 20 per cent of the increase in fat intake, the remainder presumably 
being utilized by the body for other purposes. 

6. A period of 12 to 24 hours after the fat was fed elapsed before its 
influence became observable in the milk. This influence was maintained for 
30 to 42 hours after the last fat was fed. This lag apparently corresponds 
to the time required for the necessary digestive, circulatory, and secretory 
processes to take place. 

7. The influence of the fat was exerted whether it was added to an 
already adequate ration or whether it replaced an equivalent amount of 
energy in the form of carbohydrates. 

8. It was not found necessary to feed the fat in an emulsified form as 
it was very effective when fed after melting and mixing with the grain. 

9. These investigations give no satisfactory evidence upon the effect of 
continued fat feeding because of the short experimental periods used. 
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BUTTER AS A SUBSTRATE FOR MOLD GROWTH?* 


H. MACY anp G. H. STEELE? 
Division of Dairy Husbandry, University of Minnesota, St. Paul 


Several hundred mold cultures have been collected in our laboratory 
from butter and from the equipment or materials used in its manufacture 
and packaging. It was considered advisable to determine the ability of 
these molds to develop on butter since it is conceivable that certain types 
might be commonly recovered which have no significance as factors ‘in the 
deterioration of butter. In these studies, unsalted butter was employed as 
the substrate inasmuch as the experimental evidence indicates that it is 
much more favorable for mold growth than salted butter. High humidities 
and a plentiful air supply were provided, where possible, to encourage the 
development of the cultures. The temperature of storage was varied for 
the purpose of studying its effect upon the growth. 


REVIEW OF LITERATURE 


The literature regarding the presence and growth of molds in butter 
has been reviewed exhaustively by the senior author (23). Since 1929, a 
number of papers have appeared that throw additional light on this im- 
portant problem. 

Morgan (28) (29), Grimes, Kennelly and Cummins (11) (12), and 
Bisby, Jamieson and Timonin (3) have recently listed in some detail the 
species of fungi found in the butter of three widely separated countries of 
the world. Others who have reported similar observations are Boekhout 
and Van Beynum (4), Gross (14), Libbert (22), and Macy, Combs and 
Morrison (25). Grimes and his coworkers (6) (13) (20) have provided 
additional material on certain types of fungi recovered from butter. The 
importance of parchment paper as a source of infection has been empha- 
sized by Arup (1), Greger (9) and R. Hansen (18). General information 
on the mold problem has been presented by Bégh-Sdrensen (5), A. P. 
Hansen (16) (17), Knudsen and Nielsen (21), and S¢érensen (36), while 
studies of churn contamination and sanitation have been made by Hammer 
and Olson (15) (32), Macey, Combs and Morrison (25) (30), and Widen 
(43). 

The growth of molds in butter, the factors which may influence such, 
development and the effect which these fungi may have upon the butter, 
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have been investigated by Arup and van B. Gilmour (2), Demeter and 
Maier (7) (8), Grimes (10), Gross (14), Knudsen and Nielson (21), Macy 
and his colleagues (23) (24) (26) (27), Morgan (28) (29), Nelson (31), 
Parfitt and Galema (34), Pokrowsky (35), van B. Gilmour and Cruess- 
Callaghan (37), Voitkevich (38) and Walts (39). Closely related labora- 
tory studies have been made by Hermann (19), Parfitt (33) and White 
and Hood (40) (41) (42). The conclusions reached in all of these reports 
are in general agreement with observations previously made and with those 
reported in this paper. 
PURPOSE OF STUDY 

The purpose of this study was to determine (1) which species and genera 
of molds in the collection could utilize unsalted butter a substrate when 
favorable growth conditions were provided, (2) what effect the molds had 
upon the appearance of the butter, (3) the influence of cold storage con- 
ditions on the growth, and (4) the effect which low temperatures of storage 
exerted on the subsequent development when the butter was placed in a 
more favorable environment. 


METHODS OF PROCEDURE 
Cultures: 

Three hundred and seventy-two mold cultures were available for these 
studies. They had been isolated originally from butter and equipment or 
materials used in the manufacture or packing of butter. 

The following species were identified (the number of cultures of each 
in parentheses): Acremoniella brevia (1); Acrostalagmus cinnabarinus 
(4); Alternaria humicola (11), Alternaria fasciculata (1); Aspergillus 
miger (31), A. flavus (17), A. fumigatus (12), A. versicolor (4), A. nidulans 
(2), A. terreus (2), A. candidus, A. luteo-niger, A. micro-virido-citrinus, 
A. sydowi and A. ustus (one each) ; Hormodendron cladosporioides (15), 
H. viride (2), H. hordei, H. nigrescens and H. olivaceum (one each) ; 
Monilia sitophila (3), M. brunnea (2) and M. geophila (one) ; Mucor syl- 
vaticus (10), M. corticolus, M. plumbeus and M. racemosus (one each) ; 
Oospora lactis (14) ; Penicillium terrestre (8), P. viridicatum (7), P. mar- 
tensti (4), P. palitans (4), P. notatum (3), P. blakesleet (2), P. brevi-com- 
pactum (2), P. camemberti (2), P. solitum (2), P. adametzi, P. baiiolum, 
P. bialowiezense, P. biforme, P. biourgeianum, P. brunneo-violaceum, P. 
chermesium, P. chrysogenum, P. cyclopium, P. fellutatum, P. frequentans, 
P. gilmanii, P. griseo-brunneum, P. griseo-fulvum, P. howardii, P. italicum, 
P. johannioli Zal., P. miczinskii, P. psittacinus, P. puberulum, P. roqueforti, 
P. spinulosum, P. stoloniferum, P. swavolens, P. tabacinum, P. trzebinskii 
and P. urticae (one each); Rhizopus nigricans (4), R. speciosus (one) ; 
Spicaria divaricata (3); Trichoderma lignorum (8) and Trichothecium 
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roseum (2). The remainder of the known genera were unidentified as to 
species. Thirty-one cultures remained unknown. 


Preparation of butter: 

Sweet cream (testing 28-33 per cent fat) was autoclaved for 20 minutes 
at 15 pounds pressure, after which it was cooled and held at 5° C. until 
ready for churning. The butter was made in sterile Dazey churns, washed 
with sterile water and worked under aseptic conditions. The composition 
of the butters ranged from 14 to 17.6 per cent moisture and from 0.6 to 3.0 
per cent curd as determined by the Kohman method. Small cubes (1 sq. 
inch) of this unsalted butter were then placed in sterile petri dishes. The 
lid of each dish was held slightly raised by means of a small wire staple to 
allow access of air. The dishes containing the samples were placed im- 
mediately at 5° C. and allowed to stand overnight for hardening. 


Inoculation: 

The following morning the butter was inoculated by adding the culture 
to the small droplets of moisture which appeared on the surface of the 
chilled butter, and which provided an immediately available supply of 
moisture for spore germination. Care was taken to avoid transferring any 
of the culture medium to the butter. Triplicate plates were prepared for 
each culture. 


Storage: 

Immediately after the butters were inoculated they were placed in 
storage as follows: one set of plates at 20-23° C., another set at 46° C. 
and the third at —-16 to—18° C. (For convenience, in later discussion, the 
storage temperature will be stated as 22° C., 5° C. and —18° C.) The 
samples were stored in twenty-gallon earthenware crocks provided with 
covers and false bottoms. In the crocks stored at 22° C. and at 5° C., 
water containing 1 per cent HgCl, was always kept under the false bottoms 
to provide for constant humidity and the preservative to maintain the water 
in a sterile condition. The relative humidity in the crocks at 20—-22° C. 
ranged from 90 to 95 per cent, while at 46° C. it ranged from 73 to 83 
per cent. 


Observations: 

Observations were made after one week and again after two weeks in 
the case of butters stored at 22° C. The butters held at 5° were examined 
after two and four weeks’ storage, after which they were placed at 22° C. 
for observation after an additional two weks. The butters kept at — 18° C. 
were examined after twenty weeks, then placed at 5° C. for observation 
after another week, after which they were stored at 22° C. for on week at 
the end of which time they were examined again. Observations were made 
in each case by naked eye and at 50 x magnification on the extent of growth, 
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the presence or absence of fruiting bodies, and the appearance of the butter. 
The odor was also noted. 


PRESENTATION OF DATA 
The results of these studies are summarized in tables 1 and 2. 


Growth at 22° C. 

The growth of the cultures at 22° C. was good or abundant in 216 out of 
the 372 cultures used. Only four cultures definitely failed to show visible 
signs of development. Five other samples were contaminated in such a 
manner that an accurate reading could not be made. These results demon- 
strate that the growth of molds on unsalted butter is not restricted to any 
appreciable extent because of a lack of suitable food supply. Where cul- 
tures failed to make visible growth, there might be microscopic evidence or 
factors other than nutriment may have been operative. 

Among the species which failed to show visible growth at 22° C. were 
one of Aspergillus niger, two of Oospora lactis and one unidentified culture. 
It has been noted, however, in other studies that O. lactis may produce an 
extensive mycelium in butter without giving any visible signs of such 
activity. 

Growth at 5° C. 

In contrast with the results at 22° C. it was found that none of the cul- 
tures grew well at 5° C. during a two week period. Table 1 shows that 
more than one-third of them failed to give any visible signs of growth. 
These results indicate the effect of lower temperatures in the growth of 
molds. Even when the storage period had been prolonged to four weeks 
no further changes were noted. Aspergillus cultures seemed to be much 
more sensitive than those of Penicillium. This observation has been con- 
firmed by one of the authors (23) in a previous study. Among the identi- 
fied species, Acremoniella brevia, Acrostalagmus cinnabarinus, Aspergillus 
candidus, Aspergillus micro-virido-citrinum, Aspergillus ustus, Monilia geo- 
phila, Mucor plumbeus, Penicillium fellutatum and Rhizopus speciosus did 
not, in any culture of such species, show signs of growth at 5° C. after two 
weeks’ incubation. 

When the butter was taken from the 5° C. storage and placed as 22° C. 
for two weeks, most of the cultures, which did not exhibit visible growth at 
5° C., began to develop, some of them abundantly as indicated in table 1. 
This noticeable effect of temperature is worthy of consideration, especially 
in connection with the implications concerning the commercial handling of 
butter. The lower temperatures were not fatal to the mold inocula but 
principally impeded the germination and further development. 


Growth at — 18° C. 
Table 2 gives the results of studies at cold storage temperatures. Dur- 
ing twenty weeks’ incubation at — 18° C. only two cultures, one of Penicil- 
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lium viridicatum and one of Penicillium griseo-fulvum gave any suggestion 
of development and this was so questionable that the appearance might 
have been due to mycelial threads carried over with the inoculum. The 
protective effect of low temperatures is clearly demonstrated. 

When these samples were taken from the -18° C. storage, they were 
placed at 5° C. for a period of one week. No noticeable growth occurred 
during this time. After this exposure at 5° C. the butter was put at 22° C. 
for another week. As shown in table 2, most of the cultures recovered and 
developed reasonably well and in some cases as well as they had done at 
22° C. without previous chilling or freezing. Aspergillus seemed to be re- 
tarded more than the other common forms. Many genera made perfect re- 
eoveries. Again Oospora lactis remained invisible in a number of instances. 






































TABLE 1 
Extent of growth of molds on butter stored at various temperatures 
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Discoloration of butter: 

Tables 1 and 2 indicate that none of the cultures caused any discolora- 
tion of the butter during storage at 5° C. or —18° C. This does not mean 
that the mold colonies which were visible failed to show any color. In 
fact, the colonies often were deeply pigmented in the hyphae or in the 
conidia but did not discolor the area beyond the mycelium. Wherever dis- 
coloration of the butter is indicated in the tables, it signifies that the butter 


TABLE 2 
Extent of growth of molds on butter stored at various temperatures 
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itself had been affected. The pigments often penetrated for considerable 
distances in the butter or spread completely through the surface areas. 
The colors were of many sorts and shades. They varied with the different 
species or genera and with the storage conditions. The discolorations pro- 
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duced by the various genera were as follows: Acremoniella and Acrostalag- 
mus, brown; Alternaria, dark brown or black smudge, often involving the 
whole block of butter; Aspergillus, yellow dominant but also red, brown, 
green and black; Cephalosporium, brown to black; Hormodendrum, dark 
brown, dark green or black smudge often covering the cube of butter; 
Monilia, Mucor, yellow, brown or green; Oospora, red or brown; Penicil- 
lium, yellow or green dominant, orange, red, brown or black; Phoma, red, 
brown, green or black; Spicaria, orange or brown; Sporotrichum, black ; 
Stemphylium, pink, red or reddish-brown; Trichoderma, yellow or black ; 
Trichothecitum, brown or black; and among the unidentified cultures, a 
variety of red, pink, yellow, orange, green, brown, or black. Alternaria, 
Hormodendrum, Phoma and Stemphylium produced the most extensive dis- 
coloration. 

Aspergillus flavus, A. micro-virido-citrinum, A. niger, A. sydowi, Peni- 
cillium batiolum, P. biforme, P. brunneo-violaceum, P. chermesium, P. chry- 
sogenum, P. cyclopium, P. gilmanii, P. howardii, P. johannioli Zal., P. 
miczinski, P. puberulum, P. suavolens, P. trzebinsku, P. urticae, Monilia 
brunnea, Monilia sitophila, Mucor plumeus, Mucor racemosus and the cul- 
tures of Botrytis, Rhizopus and Syncephalastrum did not affect the color of 
the substrate by any penetration of the butter beyond the limits of the 
colony. 


Effects on aroma of butter: 

The most prominent defect in aroma which developed in the mold- 
inoculated butter was that described as ‘‘old cheese.’” Every genus, except 
Botrytis, contained species which produced such an odor. Other common 
criticisms were pungent, musty, fetid, volatile fatty acid, fruity, and un- 
clean. Aspergillus cultures most often produced odors resembling the lower 
volatile fatty acids, while Penicillium cultures commonly brought about the 
development of pungent, peppery, fatty acid odors resembling those of 
Roquefort cheese. Monilia, Mucor and Oospora frequently were associated 
with fruity odors. Alternaria, Hormodendrum and Phoma were usually 
responsible for a musty or rather pungent, unclean, cheesy odor. There 
were instances where defects in odor were noticeable even where there were 
no visible signs of growth, and even at the lower temperatures of storage. 


DISCUSSION OF RESULTS 


The data presented substantiate previous work reported in the literature 
and indicate that most species of the common molds find unsalted butter a 
favorable substrate providing the environmental conditions are favorable. 

It was shown that —18° C. for twenty weeks was sufficiently low to 
inhibit the growth of the molds studied on unsalted butter. Even though 
the molds failed to grow, there was some indication of a deleterious odor. 
This situation merits further investigation. 
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When the inoculated butters were removed from storage at — 18° C. and 
held at higher humidities (73-83 per cent) for one week at 5° C., there was 
very little evidence of any germination of the molds. This agrees with 
previous reports by Morgan (28, 29) who found that at least two weeks 
were necessary for the growth of molds after the butter was defrosted. 
When the samples were placed at more favorable temperatures (22° C.), 
the molds developed as well as they did in a check group never subjected to 
low temperatures. This proves that the low temperature merely acted as 
a retarding influence and did not destroy the molds. If the cultures had 
been allowed to develop on the butter before cold storage, entirely different 
results might have been obtained, since germinating spores have been shown 
to be much less resistant to wide temperature variation than are the dor- 
mant conidia. 

Butter is commonly held at 0° to 10° C. for short periods following cold 
storage. When the inoculated butters, that were stored originally at 
—18° C. for twenty weeks, were held at 5° C. for one week, this latter 
temperature was sufficiently low to prevent growth. However, when dupli- 
cate sets of seeded butters were placed directly into storage at 5° C. such a 
temperature was not low enough to check mold growth after four weeks 
and in many cases not after two weeks. Consequently, if unsalted butter 
is to be stored for two weeks or longer it must be kept below 5° C. to pre- 
vent the possible development of molds. As a matter of fact, one of the 
authors (23) found that certain species of Penicillium, Hormodendrum and 
Alternaria could grow at 0° C. so that temperatures below this would be 
advisable. 

The discoloration due to mold development on the surface of butter, 
depreciates the market quality to such an extent that every producer seeks 
to prevent it. As shown in these studies, some molds have a tendency to 
produce marked pigmentation of the butter aside from the spotting effect 
due to the mold colony itself. The most marked effects were produced by 
cultures of Alternaria, Hormodendrum, Phoma and Stemphylium. The 
first two genera have consistently been reported as common causes of 
unsightly smudges on the surface of butter, and in these experiments proved 
to be the most important. 

Most of the cultures studied were found to cause a noticeable change 
in the aroma of the butter. This phenomenon was not correlated with the 
extent of visible growth. Even at —18° C. such defects appeared. The 
odors in general were of two types, one which suggested the hydrolysis of 
fat and the other which indicated protein cleavage. There were combina- 
tions of the two decompositions which resulted in a variety of odors, many 
of which resembled those of old cheese. These results are likewise in 
accordance with observations made by other investigators. 

From the evidence presented, it becomes evident that a large variety of 
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molds can grow on unsalted butter under favorable conditions. Defects in 
the appearance of the butter may occur and deleterious changes in the 
aroma may be expected wherever molds are able to develop, even slightly. 
Storage at 5° C. while inhibiting some molds, allowed many to germinate. 
Those species which caused the greatest defects at favorable temperatures 
were not seriously hampered at 5° C. A temperature of — 18° C. prevented 
all visible growth but did not destroy the molds even after twenty weeks’ 
exposure. Consequently, if butter is contaminated with molds, subsequent 
development of the molds may be expected to occur if conditions are favor- 
able. In the case of unsalted butter, temperature would appear to be the 
most important controlling factor. 


SUMMARY 


1. Three hundred and seventy-two cultures of molds, representing nine- 
teen known genera, seventy identified species, and thirty unidentified cul- 
tures, were used in this study. All of these cultures were originally isolated 
from butter and equipment or material used in its manufacture or pack- 
aging. 

2. Small blocks of sterile, unsalted butter were inoculated with these 
cultures and stored at various temperatures to observe the extent of growth 
of the fungi. 

3. The unsalted butter, kept under favorable conditions, definitely sup- 
ported the growth of more than 96 per cent of the cultures. 

4. Storage of inoculated butter at 5° C. for two weeks checked the 
growth of some of the molds. 

5. No mold growth occurred on inoculated, unsalted butter during stor- 
age for twenty weeks at — 18° C. 

6. The low storage temperatures, 5° C. or —18° C., did not have any 
effect on the subsequent development of the cultures when favorable tem- 
peratures were later provided. 

7. The appearance of the butter was marred appreciably by many of the 
cultures but most seriously by species of Alternaria, Hormodendrum, Phoma 
and Stemphylium. 

8. The aroma of seeded butter was nearly always affected by the growth 
of the molds. 

9. Unsalted butter must be kept at low temperatures if the growth of 
molds is to be prevented. 
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THE FEEDING VALUE OF ARTIFICIALLY DRIED PASTURE 
HERBAGE FOR MILK PRODUCTION 
J. C. KNOTT,! anp R. E. HODGSON? 
Washington Agricultural Experiment Station, Pullman 


The nutritive value of artificially dried pasture grass is the subject of 
considerable investigation. Hodgson and Knott (1) conducted digestibility 
trials with dairy heifers and found artificially dried pasture grass to be 
highly nutritious. The crude protein which constituted 24.64 per cent of 
the dry matter, was 74.92 per cent digestible. The coefficients of digestibil- 
ity of the dry matter, the crude fiber and nitrogen-free extract were 67.57, 
72.68 and 74.55 per cent, respectively. The average digestibility of the 
ether extract was 21.90 per cent. Newlander and Jones (2) reported the 
following coefficients of digestibility for artificially dried pasture grass: 
dry matter 72.4 per cent; crude protein, 71.0 per cent; crude fiber, 73.3 
per cent; nitrogen-free extract, 81.6 per cent; and ether extract, 46.4 per 
cent. 

Newlander (3) conducted feeding trials using the reversal method with 
two groups of five cows each in comparing the feeding value of dried grass 
with a grain mixture. One group was fed mixed clover and timothy hay, 
corn silage and a grain mixture, while the test group received dried grass 
in place of the grain ration. He found that ‘‘These trials showed that 
grasses cut at intervals of from seven to 10 days resembles closely in com- 
position and digestibility the 20 per cent dairy ration used. The fiber 
content of the dried grass was somewhat higher and the nitrogen-free 
extract content correspondingly lower. When 10 lbs. of the artificially 
dried grass was fed with liberal allowances of hay and silage and a small 
amount of grain, entirely satisfactory results were secured. Feeding this 
grass with two-thirds the regular allowance of silage and hay and no grain 
produced excellent results. While average milk production could be ob- 
tained by feeding this grass instead of all purchased concentrates, it was 
deemed advisable to supply about one-third the usual amount of grain when 
maximum production was desired or when high producing cows are being 
fed.”’ 

Watson (4) found artificially dried grass very palatable to lactating 
dairy cows. He reported that when cows were receiving dried grass as the 
major part of the ration milk production was efficiently maintained. 
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Following the digestion and mineral balance studies reported by Hodg- 
son and Knott (1) two feeding trials have been conducted with lactating 
dairy cows to determine the possibility of using artificially dried pasture 
herbage in place of a part or all of the concentrate mixture. These experi- 
ments are not as complete as is to be desired, but it is hoped that it will be 
possible to conduct further investigations of a more comprehensive nature 
at a later date. 


EXPERIMENT I.°. THE VALUE OF ARTIFICIALLY DRIED PASTURE GRASS FOR 
MILK PRODUCTION WHEN FED AS TWENTY PER CENT 
OF THE GRAIN MIXTURE 


Experimental 

The artificially dried pasture herbage* was the same as that used in the 
digestion experiment previously reported (1). It was grown at the West- 
ern Washington Experiment Station and contained a mixture of English 
ryegrass (Lolium perenne), Italian ryegrass (L. italicum), Orchard grass 
(Dactylis glomerata), rough stalk meadow grass (Poa trivialis), Kentucky 
bluegrass (P. pretensis), annual bluegrass (P. annua), meadow fescue 
(Festuca elator), creeping bent (Agrostis stolonifera), Ladino clover (Tri- 
folium repens latum), Alsike clover (T. hybridum) and white clover (T. 
repens). The predominating plants in this mixture were English ryegrass 
and Italian ryegrass. The herbage was cut at 14-day intervals and dried 
immediately after cutting. The material was dried in a home-made oven 
drier where hot air, from gas, was used as a source of heat. The hot air 
passing through the oven at about 150° F. dried the material to approxi- 
mately five per cent moisture in from 10 to 12 hours. The dried herbage 
retained its green color and possessed a pleasing aroma. It was cut into 
approximately three-inch lengths and mixed with the grain ration. Table 1 
gives the percentage of ingredients in the concentrate mixtures. 

The experiment was conducted by the double reversal method with pre- 
liminary periods of one week and periods of comparison three weeks in 


TABLE 1 
Ingredients in concentrate mixtures expressed in percentages 





EER iiealiaiane ae = STERILIZED 
MIXTURE GROUND GROL ND Ww HEAT LINSEED | DRIED BONE SALT 

RARLEY OATS BRAN MEAL GRASS FLOUR 

Basal mixture oe ee ea 5 | 2 a. 
| | | 
. ; } ie 
Experimental mixture 4 | 20 12 20 2 1 
| | 


3 This experiment was conducted at the Washington Agricultural Experiment Station, 
Pullman, 

+The writers are indebted to M. S. Grunder, Agronomist, Western Washington 
Experiment Station, Puyallup, under whose direction the herbage was collected and dried, 
and who devised the small experimental drier. 
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length. Two groups of four producing Holstein cows that were as nearly 
alike as possible with regard to age, live weight, production, periods of 
gestation and lactation, health and condition, were used. One group was 
fed the basal concentrate mixture, while the other group received the mix- 
ture containing the grass in place of the basal concentrate mixture. During 
this experiment, both groups received No. 1 chopped alfalfa hay fed at the 
rate of 14 pounds daily per 100 pounds live weight, and good quality sun- 
flower silage fed at the rate of 2 pounds daily for each 100 pounds of live 
weight. The concentrate mixtures were fed at the rate of 2 pounds daily 
for each 5 pounds of milk produced over 10 pounds per cow. The same 
amount of hay, silage and grain was fed both groups with adjustments 
within each group to meet individual requirements. All feeds were care- 
fully sampled for chemical analysis. Refused feed was weighed and 
analyzed. 

Live weights of each cow were obtained on three successive days, the 
last two days of each period and the first day of the succeeding period. 
The milk was weighed each milking, aliquot samples taken and butterfat 
determinations were made weekly from the composite samples. 


Results 


The chemical composition of the experimental feeds is given in Table 2. 
The digestible crude protein content was 9.0 per cent of the basal mixture, 
and 9.1 per cent of the experimental mixture. The total digestible nutrient 


TABLE 2 
Percentage composition of experimental feeds 





NITROGEN- | 


























VN : | erner | 
—— DRY CRUDE CRUDE . 
ere ratty | MATTER PROTEIN | FIBER | =. | extract | SH 
Alfalfa hay | 87.53 | 20.08 12.65 41.58 444 | 8.79 
Sunflower silage | 31.29 | 2.80 7.26 17.15 0.68 3.40 
Barley 89.28 7.70 | 5.83 71.47 1.68 2.60 
Oats 90.06 9.04 9.08 63.50 4.66 3.78 
Bran 88.82 } 15.28 4.76 | 63.15 2.30 3.33 
Linseed meal... | 90.40 | 30.41 659 | 46.58 113 | 5.69 
Dried grass | 86,05 | 21.20 15.57 | 3665 | 3.01 | 9.62 
TABLE 3 
Average daily ration consumed, gain in live weight and production per cow 
oa 4 bag 7 ee ae = : PRO sa 
. 9 DUCTION 
EXPERIMENTAL | NO. | CONCEN- GAIN MILK FAT 4% Pat- 
PERIOD OF TRATE SILAGE | HAY LIVE PRO- PRO con 
cCoWS| MIXTURE WEIGHT | DUCTION | DUCTION! pecrep 
| MILK 
Ibs. Ibs. | Ibs. Ibs. | Ube. ) lbs. | Ids. 
Basal 8 15.4 25.6 19.0 0.70 44.6 1.383 38.6 
Experimental 8 14.3 25.3 19.2 0.42 43.5 1.357 37.8 
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content was 70.7 per cent and 69.2 per cent respectively of the basal and 
experimental rations. Table 3 shows the average daily ration consumed, 
gain in live weight and production per cow while on the basal and experi- 
mental mixtures. In table 4 are given the feed and total digestible nutri- 

















TABLE 4 
Feed and total digestible nutrients consumed per unit of production 
FEED CONSUMED FOR PRODUCTION OF BASAL EXPERIMENTAL 
Ibs. lbs. 
100 pounds of milk: 
Concentrate mixture a 34.5 32.9 
EE dinpasedensen ; 42.6 44.1 
Silage .......... nee 57.4 58.2 
Total digestible nutrients . - 53.6 52.9 
One pound of butterfat: 
Concentrate mixture ; “ 11.1 10.5 
BN ccntioine ann 13.7 14.1 
UNI setcsriacbonisinecs io 18.5 18.6 
Total digestible nutrients 17.2 16.9 
100 pounds 4% fat-corrected milk: 
Concentrate mixture 39.9 37.8 
NR ieee : 49.2 50.8 
Silage ............. iaacnioan ‘. 66.3 66.9 
Total digestible nutrients 61.9 60.8 





ents consumed for the production of 100 pounds of milk, one pound cf 
butterfat and 100 pounds of four per cent fat-corrected milk while on the 
basal and experimental rations. 

The experimental grain ration, while very bulky, was palatable and 
was readily eaten. There was a slightly greater consumption of grain and 
silage by the cows while on the basal ration. There was also a greater gain 
in live weight and a slightly greater production of milk and butterfat when 
on the basal ration. The consumption of feed and total digestible nutrients 
per unit of production, however, was slightly in favor of the experimental 
mixture. The differences are so small that the results clearly indicate that 
artificially dried pasture herbage may be efficiently substituted for as much 
as 20 per cent of the concentrate mixture of a ration for producing cows. 


EXPERIMENT II.°  ARTIFICIALLY DRIED PASTURE GRASS AND ALFALFA HAY versus 
ALFALFA HAY AS A RATION FOR DAIRY COWS 
Experimental 
The dried herbage used in this experiment was a mixture of English 
rye-grass (Lolium perenne), Italian ryegrass (L. italicum) and white clover 


5 This experiment was conducted at the Western Washington Experiment Station, 
Puyallup. 
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(Trifolium repens). There was a considerable infestation of weeds in the 
field, that were cut and dried with the herbage. The material when cut 
represented herbage of two weeks’ growth. Drying was accomplished in a 
small experimental, single drum, direct heating rotary drier. The grass 
passed through the drier in approximately 10 minutes and was dried at an 
outlet temperature of 310 to 320° F. At this temperature the grass was 
dried to an average moisture of 10 per cent. The herbage retained its 
green color and was palatable to the experimental animals. 

The feeding trial was conducted with two groups of two cows each by 
the reversal method through two periods of comparison of four weeks each 
preceded by a preliminary period of one week. It is realized, of course, 
that the number of animals used was small, but the supply of artificially 
dried pasture grass available at that time was limited and it was thought 
advisable to use what was available. The two groups of cows were paired 
as nearly as possible with regard to periods of lactation and gestation, pro- 
duction, weight, age and condition. The cows were in the latter third of 
their lactation periods; therefore, high production did not prevail during 
the course of the experiment. 

One group of cows was fed chopped No. 1 alfalfa hay, while the other 
was fed the same quality of hay plus 6.53 pounds daily of artificially dried 
pasture herbage. The hay was provided so that each cow had free access 
to it at all times. The dried grass was fed twice daily in limited amounts. 
The hay and the dried grass were sampled regularly for chemical analysis. 
Refused feed was weighed and analyzed. 

Live weights of the cows were determined on three successive days at 
the beginning and once a week during each period. The milk was weighed 
each milking, aliquot samples taken and butterfat determination made from 
weekly composites. Water was available to the cows at all times and they 
were kept in comfortable box stalls during the entire experiment. 


Results 


Table 5 gives the percentage composition of the experimental feeds. In 
table 6 is given the feed consumption of the cows on the two types of rations. 
Table 7 shows the gain or loss in live weight and the production of milk, 


TABLE 5 
Percentage composition of experimental feeds 





TOTAL 





; ; DRY CRUDE | CRUDE ETHER | NITROGEN- DIGESTIBLE 
INGREDIENTS MATTER | PROTEIN| FIBER | EXTRACT FREE ASH NUTRI- 
EXTRACT ENTS 
Alfalfa hay .......... 88.0 14.84 24.96 1.68 37.56 8.96 49.75 


Artificially dried 
pasture herbage | 89.73 20.67 15.80 3.97 40.33 9.03 59.00 
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TABLE 6 


Average ration consumed per cow 


PERIOD I PERIOD II 






































EXPER! nclennal tS OI anil a TOTAL DI- 
>XPERI- NO. eae poem Ola al memati }ESTIBLE 
MENTAL on ) Alfalfa hay eh of Alfalfahay . Drie d grass . aay 
PERIOD ‘OWS Av. Av. NTS 
vain a Total Av. daily Total daily | Total daily —— 
- attend *, ~... SE. Been ‘s 
| | Tbs. Ibs. | Ibs. Ibs. Ibs. Ibs. Ibs. 
Alfalfa hay 4 | 3673.7 32.28 | 1827.70 
| | 
| | 
Alfalfa hay | 
and dried | 
grass 4 3438.4 30.70 731.6 | 6.53 | 2142.64 





TABLB 7 


Average gain or loss-in live weight and production per cow 











‘Ree * : | a | PRODUCTION 4% 
EXPERI- NO camsen tess | ae — | FAT-CORRECTED 
poems pay IN LIVE WEIGHT PRODUCTION PRODUCTION MILK 
MENTAL OF | MILK 
PERIOD cows|~—_ Av. . ao te — - ag | — —_ ——— 
Total daily | Total dailv Total | daily Total daily 
, = ! r” _ | - = ——— 7 
Ibs. Ibs. Ibs. Ibs. Ibs. | Ibs. Ibs. Ibs. 
Alfalfa hay + -— 47.0 | —0.42 | 1455.1 12.99 52.49 | 0.47 1369.3 2.23 
| 
| 
Alfalfa hay 
plus dried | 
grass | 4 34.9 | 0.33 | 1711.3 | 15.28 | 59.75 | 0.53 | 1580.8 | 14.11 
| | 
| } 





butterfat and four per cent fat-corrected milk for cows on the basal and 
experimental rations. 

When the daily allowance of artificially dried pasture grass was limited 
to 6.53 pounds, it was readily eaten and proved to be very palatable. The 
average daily consumption of alfalfa while the cows were receiving the dried 
grass ration was less than when only alfalfa was given. However, the total 
digestible nutrient consumption was greater when they were receiving the 
grass and hay ration than when the alfalfa hay ration was fed. There was 
a larger production of milk and gain in live weight while the cows were 
receiving the ration of alfalfa hay plus dried grass. 

The greater production and gain in live weight was sufficient to offset 
the larger consumption of nutrients. As indicated in table 8, the feed and 
total digestible nutrients consumed per unit of production was practically 
the same when the cows were receiving a diet of alfalfa hay and artificially 
dried pasture grass or the alfalfa ration. These data indicate that by 
affording dried grass in addition to alfalfa hay a larger consumption of feed 
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TABLE 8 
Feed and total digestible nutrients consumed per unit of production 








| ALFALFA HAY ALFALFA HAY 
FEED CONSUMED FOR PRODUCTION OF PERIOD PLUS DRIED 
GRABS PERIOD 
si ey Ibs. | Ibs. 
100 pounds of milk: 
Alfalfa hay 252.47 200.92 
Dried grass 42.74 
Total digestible nutrients 125.60 125.18 
One pound butterfat: 
Alfalfa hay 69.99 57.55 
Dried grass 12.24 
Total digestible nutrients 34.82 35.85 
100 pounds 4% fat-corrected milk: 
Alfalfa hay 268.29 217.51 
Dried grass 46.28 
Total digestible nutrients 133.47 


135.51 
> 7 = —— ia = 


nutrients was obtained which resulted in a greater production, but the effi- 
ciency of production remained about the same. 


SUMMARY 


Two feeding trials were conducted in which artificially dried pasture 
herbage served as part or all of the concentrate mixture fed to dairy cows. 

In the first experiment a concentrate mixture containing 20 per cent of 
artificially dried pasture grass was compared with a basal ration of similar 
composition. 

The differences in production and gain in live weight of cows receiving 
the experimental ration as compared with the basal ration were too small to 
be significant. A slightly greater gain in live weight and production oc- 
curred when cows were receiving the basal ration. The feed consumption 
per unit of production was less for the cows on the experimental ration. 

In the second experiment a ration consisting of alfalfa hay and arti- 
ficially dried pasture grass was compared with a ration of alfalfa hay. 

There was a greater consumption of the total digestible nutrients when 
cows were receiving the alfalfa hay and dried pasture grass ration. The 
larger consumption of digestible nutrients was accompanied by a greater 
gain in live weight and an increase in the production of milk and butterfat. 
The nutrients required per unit of production was approximately the same 
for both rations. 

The results of these experiments indicate that artificially dried pasture 
herbage may be efficiently used for at least a part of the concentrate mixture 
of lactating cows. 
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The nutritive value of artificially dried pasture grass is the subject of 
considerable investigation. Hodgson and Knott (1) conducted digestibility 
trials with dairy heifers and found artificially dried pasture grass to be 
highly nutritious. The crude protein which constituted 24.64 per cent of 
the dry matter, was 74.92 per cent digestible. The coefficients of digestibil- 
ity of the dry matter, the crude fiber and nitrogen-free extract were 67.57, 
72.68 and 74.55 per cent, respectively. The average digestibility of the 
ether extract was 21.90 per cent. Newlander and Jones (2) reported the 
following coefficients of digestibility for artificially dried pasture grass: 
dry matter 72.4 per cent; crude protein, 71.0 per cent; crude fiber, 73.3 
per cent; nitrogen-free extract, 81.6 per cent; and ether extract, 46.4 per 
cent. 

Newlander (3) conducted feeding trials using the reversal method with 
two groups of five cows each in comparing the feeding value of dried grass 
with a grain mixture. One group was fed mixed clover and timothy hay, 
corn silage and a grain mixture, while the test group received dried grass 
in place of the grain ration. He found that ‘‘These trials showed that 
grasses cut at intervals of from seven to 10 days resembles closely in com- 
position and digestibility the 20 per cent dairy ration used. The fiber 
content of the dried grass was somewhat higher and the nitrogen-free 
extract content correspondingly lower. When 10 Ibs. of the artificially, 
dried grass was fed with liberal allowances of hay and silage and a small 
amount of grain, entirely satisfactory results were secured. Feeding this 
grass with two-thirds the regular allowance of silage and hay and no grain 
produced excellent results. While average milk production could be ob- 
tained by feeding this grass instead of all purchased concentrates, it was 
deemed advisable to supply about one-third the usual amount of grain when 
maximum production was desired or when high producing cows are being 
fed.”’ 

Watson (4) found artificially dried grass very palatable to lactating 
dairy cows. He reported that when cows were receiving dried grass as the 
major part of the ration milk production was efficiently maintained. 
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Following the digestion and mineral balance studies reported by Hodg- 
son and Knott (1) two feeding trials have been conducted with lactating 
dairy cows to determine the possibility of using artificially dried pasture 
herbage in place of a part or all of the concentrate mixture. These experi- 
ments are not as complete as is to be desired, but it is hoped that it will be 
possible to conduct further investigations of a more comprehensive nature 
at a later date. 


EXPERIMENT I. THE VALUE OF ARTIFICIALLY DRIED PASTURE GRASS FOR 
MILK PRODUCTION WHEN FED AS TWENTY PER CENT 
OF THE GRAIN MIXTURE 


Experimental 
The artificially dried pasture herbage* was the same as that used in the 
digestion experiment previously reported (1). It was grown at the West- 
ern Washington Experiment Station and contained a mixture of English 
ryegrass (Lolium perenne), Italian ryegrass (L. italicum), Orchard grass 
(Dactylis glomerata), rough stalk meadow grass (Poa trivialis), Kentucky 
bluegrass (P. pretensis), annual bluegrass (P. annua), meadow fescue 
(Festuca elator), creeping bent (Agrostis stolonifera), Ladino clover (Tri- 
folium repens latum), Alsike clover (T: hybridum) and white clover (T. 
repens). The predominating plants in this mixture were English ryegrass 
and Italian ryegrass. The herbage was cut at 14-day intervals and dried 
immediately after cutting. The material was dried in a home-made oven 
drier where hot air, from gas, was used as a source of heat. The hot air 
passing through the oven at about 150° F. dried the material to approxi- 
mately five per cent moisture in from 10 to 12 hours. The dried herbage 
retained its green color and possessed a pleasing aroma. It was cut into 
approximately three-inch lengths and mixed with the grain ration. Table 1 
gives the percentage of ingredients in the concentrate mixtures. 
The experiment was conducted by the double reversal method with pre- 
liminary periods of one week and periods of comparison three weeks in 


TABLE 1 
Ingredients in concentrate mixtures expressed in percentages 














, , . | , STERILIZED | 
ae | GROUND | GROUND | WHEAT | LINSEED | DRIED BONE | 
MIXTURE } . : | SALT 
| BARLEY | OATS BRAN |. MEAL GRASS FLOUR 
Basal mixture 45 | 20 | 27 5 2 1 
Experimental mixture 45 | 20 | 12 20 2 ee 
] 
' 








3 This experiment was conducted at the Washington Agricultural Experiment Station, 
Pullman. 

+The writers are indebted to M. S. Grunder, Agronomist, Western Washington 
Experiment Station, Puyallup, under whose direction the herbage was collected and dried, 
and who devised the small experimental drier. 
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length. Two groups of four producing Holstein cows that were as nearly 
alike as possible with regard to age, live weight, production, periods of 
gestation and lactation, health and condition, were used. One group was 
fed the basal concentrate mixture, while the other group received the mix- 
ture containing the grass in place of the basal concentrate mixture. During 
this experiment, both groups received No. 1 chopped alfalfa hay fed at the 
rate of 1} pounds daily per 100 pounds live weight, and good quality sun- 
flower silage fed at the rate of 2 pounds daily for each 100 pounds of live 
weight. The concentrate mixtures were fed at the rate of 2 pounds daily 
for each 5 pounds of milk produced over 10 pounds per cow. The same 
amount of hay, silage and grain was fed both groups with adjustments 
within each group to meet individual requirements. All feeds were care- 
fully sampled for chemical analysis. Refused feed was weighed and 
analyzed. 

Live weights of each cow were obtained on three successive days, the 
last two days of each period and the first day of the succeeding period. 
The milk. was weighed each milking, aliquot samples taken and butterfat 
determinations were made weekly from the composite samples. 


Results 


The chemical composition of the experimental feeds is given in Table 2. 
The digestible crude protein content was 9.0 per cent of the basal mixture, 
and 9.1 per cent of the experimental mixture. The total digestible nutrient 

TABLE 2 
Percentage composition of experimental feeds 


| 





NITROGEN - ETHER | 

















; an | 
: . DRY | CRUDE CRUDE . 
— | MATTER PROTEIN | FIBER | oui extract | “SH 
Alfalfa hay 87.53 | 20.08 12.65 | 41.58 4.44 8.79 
Sunflower silage 31.29 | 2.80 7.26 17.15 0.68 3.40 
Barley 89.28 | 7.70 5.83 7147 1.68 2.60 
Oats 90.06 9.04 9.08 63.50 4.66 3.78 
Bran 88.82 | 15.28 4.76 63.15 2.30 3.33 
Linseed meal 90.40 30.41 | 6.59 | 46.58 1.13 5.69 
Dried grass 86.05 | 21.20 | 15.57 36.65 3.01 9.62 
' 
TABLE 3 
Average daily ration consumed, gain in live weight and production per cow 
ae | PRO 
. , F . | | DUCTION 
EXPERIMENTAL NO. CONCEN- GAIN MILK FAT | % FAT- 
PERIOD oF TRATE | SILAGE HAY LIVE PRO- Pro- | ‘con. 
cows] MIXTURE WEIGHT | DUCTION | PUCTION | ecTep 
| MILK 
Tbs. Ibs. | Tbs. Ibs. Ibs. Iba. Ibs, 
Basal gs | 154 | 25.6 | 19.0 0.70 44.6 1.383 38.6 
Experimental s | 14.3 | 23.3 | 192 0.42 43.5 1.357 37.8 
| 
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content was 70.7 per cent and 69.2 per cent respectively of the basal and 
experimental rations. Table 3 shows the average daily ration consumed, 
gain in live weight and production per cow while on the basal and experi- 
mental mixtures. In table 4 are given the feed and total digestible nutri- 


TABLE 4 
Feed and total digestible nutrients consumed per unit of production 











FEED CONSU MED FOR PRODUCTION OF | RASAL EXPERIMENTAL 
lbs. Ibs. 

100 pounds of milk: 

Concentrate mixture 34.5 32.9 

Hay | 42.6 44.1 

Silage 57.4 58.2 

Total digestible nutrients 53.6 52.9 
One pound of butterfat: 

Concentrate mixture 111 10.5 

Hay 13.7 14.1 

SDD scuinitihesamensnscentinis 18.5 18.6 

Total digestible nutrients 17.2 16.9 
100 pounds 4% fat-corrected milk: 

Concentrate mixture ; 39:9 37.8 

ee 49.2 50.8 

Silage ......... | 66.3 66.9 

Total digestible nutrients 61.9 60.8 





ents consumed for the production of 100 pounds of milk, one pound of 
butterfat and 100 pounds of four per cent fat-corrected milk while on the 
basal and experimental rations. 

The experimental grain ration, while very bulky, was palatable and 
was readily eaten. There was a slightly greater consumption of grain and 
silage by the cows while on the basal ration. There was also a greater gain 
in live weight and a slightly greater production of milk and butterfat when 
on the basal ration. The consumption of feed and total digestible nutrients 
per unit of production, however, was slightly in favor of the experimental 
mixture. The differences are so small that the results clearly indicate that 
artificially dried pasture herbage may be efficiently substituted for as much 
as 20 per cent of the concentrate mixture of a ration for producing cows. 













EXPERIMENT II.° ARTIFICIALLY DRIED PASTURE GRASS AND ALFALFA ITAY versus 


ALFALFA HAY AS A RATION FOR DAIRY COWS 





Experimental 
The dried herbage used in this experiment was a mixture of English 
rye-grass (Lolium perenne), Italian ryegrass (L. italicum) and white clover 


5 This experiment was conducted at the Western Washington Experiment Station, 
Puyallup. 
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(Trifolium repens). There was a considerable infestation of weeds in the 
field, that were cut and dried with the herbage. The material when cut 
represented herbage of two weeks’ growth. Drying was accomplished in a 
small experimental, single drum, direct heating rotary drier. The grass 
passed through the drier in approximately 10 minutes and was dried at an 
outlet temperature of 310 to 320° F. At this temperature the grass was 
dried to an average moisture of 10 per cent. The herbage retained its 
green color and was palatable to the experimental animals. 

The feeding trial was conducted with two groups of two cows each by 
the reversal method through two periods of comparison of four weeks each 
preceded by a preliminary period of one week. It is realized, of course, 
that the number of animals used was small, but the supply of artificially 
dried pasture grass available at that time was limited and it was thought 
advisable to use what was available. The two groups of cows were paired 
as nearly as possible with regard to periods of lactation and gestation, pro- 
duction, weight. age and condition. The cows were in the latter third of 
their lactation periods; therefore, high production did not prevail during 
the course of the experiment. 

One group of cows was fed chopped No. 1 alfalfa hay, while the other 
was fed the same quality of hay plus 6.53 pounds daily of artificially dried 
pasture herbage. The hay was provided so that each cow had free access 
to it at all times. The dried grass was fed twice daily in limited amounts. 
The hay and the dried grass were sampled regularly for chemical analysis. 
Refused feed was weighed and analyzed. 

Live weights of the cows were determined on three snecessive days at 
the beginning and once a week during each period. The milk was weighed 
each milking, aliquot samples taken and butterfat determi:ation made from 
weekly composites. Water was available to the cows at all times and they 
were kept in comfortable box stalls during the entire experiment. 


Results 


Table 5 gives the percentage composition of the experimental feeds. In 
table 6 is given the feed consumption of the cows on the two types of rations. 
Table 7 shows the gain or loss in live weight and the production of milk, 


TABLE 5 
Percentage composition of experimental feeds 











TOTAL 
ron ; DRY crUDE | CRUDE ETHER | NITROGEN- DIGESTIBLE 
INGREDIENTS MATTER | PROTEIN| FIBER | EXTRACT FREE ASH NUTRI- 
| EXTRACT ENTS 
| | 7. 
| 


Alfalfa hay | 88.0 | 14.84 24.96 1.68 37.56 8.96 | 49.75 


Artificially dried | | 
pasture herbage , 89.73 | 20.67 | 15.80 | 3.97 40.33 9.03 | 59.00 














-— — - —-— --- —— - —___—____ 
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TABLE 6 





Average ration consumed per cow 












































PERIOD I PERIOD It estate, 
ee a Alfalfa hay Alfalfa hay | Dried grass — 
PERIOD s AY. | Ay. ENTS 

cows! otal | Av.daily | Total daliy | Tota | gatiy Ts 
nee | 
Ibs. Ibs. Ibs. Ibs. Ibs. | Ibs. Ibs. 
Alfalfa hay 4 | 3673.7 32.28 1827.70 
Alfalfa hay | 
and dried | 
grass | 4 | 3438.4 | 30.70 | 731.6 | 653 | 2142.64 
TABLE 7 
Average gain or loss in live weight and production per cow 
| PRODUCTION 4% 

S GAIN OR LOSS MILK FAT FAT-CORRECTED 
BXPERI- NO. | IN LIVE WEIGHT | PRODUCTION PRODUCTION MILK 
MENTAL 0 ’ 

PERIOD cows —_ — = oo =o 
Total | daily Total | dailr Total | daily Total _daily 
| lbs. | Ibs. Ibs. lbs. Ibs. Ids. Ibs. Ibs. 
Alfalfa hay | 4 | -—47.0 | —0.42 | 1455.1 | 12.99 52.49 | 0.47 1369.3 | 12.23 
Alfalfa hay | | | | 
plus dried 
grass 4 | 349 0.33 | 1711.3 15.28 59.75 0.53 1580.8 14.11 
| | | | 














butterfat and four per cent fat-corrected milk for cows on the basal and 
experimental rations. 

When the daily allowance of artificially dried pasture grass was limited 
to 6.53 pounds, it was readily eaten and proved to be very palatable. The 
average daily consumption of alfalfa while the cows were receiving the dried 
grass ration was less than when only alfalfa was given. However, the total 
digestible nutrient consumption was greater when they were receiving the 
grass and hay ration than when the alfalfa hay ration was fed. There was 
a larger production of milk and gain in live weight while the cows were 
receiving the ration of alfalfa hay plus dried zrass. 

The greater production and gain in live weight was sufficient to offset 
the larger consumption of nutrients. As indicated in table 8, the feed and 
total digestible nutrients consumed per unit of production was practically 
the same when the cows were receiving a diet of alfalfa hay-and_ artificially 
dried pasture grass or the alfalfa ration. These data indicate that by 
affording dried grass in addition to alfalfa hay a larger consumption of feed 
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TABLE 8 
Feed and total digestible nutrients consumed per unit of production 








FEED CONSUMED FOR PRODUCTION OF Ss a | “PLUS DRIED. 
GRABS PERIOD 
lbs. Ibs. 
100 pounds of milk: | | 
Alfalfa hay 252.47 200.92 
Dried grass 42.74 
Total digestible nutrients ........ 125.60 125.18 
One pound butterfat: 
Alfalfa hay ; 69.99 57.55 
Dried grass ag 12.24 
Total digestible nutrients 34.82 35.85 
100 pounds 4% fat-corrected milk: 
Alfalfa hay ... : 268.29 217.51 
Dried grass ae aa 46.28 
Total digestible nutrients 133.47 135.51 











nutrients was obtained which resulted in a greater production, but the effi- 
ciency of production remained about the same. 


SUMMARY 


Two feeding trials were conducted in which artificially dried pasture 
herbage served as part or all of the concentrate mixture fed to dairy cows. 

In the first experiment a concentrate mixture containing 20 per cent of 
artificially dried pasture grass was compared with a basal ration of similar 
composition. 

The differences in production and gain in live weight of cows receiving 
the experimental ration as compared with the basal ration were too small to 
be significant. A slightly greater gain in live weight and production oe- 
curred when cows were receiving the basal ration. The feed consumption 
per unit of production was less for the cows on the experimental ration. 

In the second experiment a ration consisting of alfalfa hay and arti- 
ficially dried pasture grass was compared with a ration of alfalfa hay. 

There was a greater consumption of the total digestible nutrients when 
cows were receiving the alfalfa hay and dried pasture grass ration. The 
larger consumption of digestible nutrients was accompanied by a greater 
gain in live weight and an increase in the production of milk and butterfat. 
The nutrients required per unit of production was approximately the same 
for both rations. 

The results of these experiments indicate that artificially dried pasture 
herbage may be efficiently used for at least a part of the concentrate mixture 
of lactating cows. 
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HOUSING PLANS FOR THE 1934 MEETING 


JUNE 26, 27, AND 28, 1934 
IrHaca, NEw YorK 


Willard Straight Hall, on the Cornell Campus, will be the social head- 
quarters of the Association. The official registration desk will be in the 
lobby of this building. Meals may be obtained here. Rooms will be as- 
signed from here, and the official programs will be distributed from the 
registration desk. All mail for visitors should be addressed in care of 
Willard Straight Hall. 

Rooms. Good rooms will be provided in one of the University dormi- 
tories at $2.00 per person per night. Persons staying three nights will be 
charged $5.00, four nights, $6.00. Cots will be provided for children in 
parents’ room at $1.00 per night. 

It is very desirable that rooms be reserved in advance. Address E. S. 
Savage, Animal Husbandry Building, Ithaca, New York, and state care- 
fully the number of persons in your party, men and women, and if pro- 
vision should be made for any children. 

A card will be sent giving the room number and name of the dormitory 
for all registrations received by June 10, 1934. 

On arrival in Ithaca go directly to Willard Straight Hall and get your 
room assignment and program. 

Please help the housing committee by registering in advance. 

A. C. DAHLBERG 
H. E. Ross 
E. S. Savace, Chairman 


MEETING OF THE SOUTHERN DIVISION 


The Southern Division of the American Dairy Science Association held 
its annual meeting on January 31, February 1 and 2 in Memphis, Ten- 
nessee. There was an average attendance of about 25 at these sessions. 
Chairman A. D. Burke, of Alabama, presided. Abstracts of all papers 
have been prepared in a mimeographed volume. 

Papers were presented on relation of dairying in Tennessee Valley to 
national dairy development by C. E. Wylie, on the influence of Mung Bean 
hay on fat percentage in milk by A. H. Kuhlman, on the influence of sea- 
son of freshening on milk yields of Jersey cows by P. T. Dix Arnold and 
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R. B. Becker, on influence of season and advancing lactation on fat content 
of milk by R. B. Becker and P. T. Dix Arnold, on fly sprays by W. H. 
Eaton, on the feeding value of machine dried roughage by J. A. Sims, on 
trench silos by F. R. Edwards, on Korean Lespedeza hay by C. O. Jacobson, 
on grain feeding experiments by R. R. Graves, on fertilization of pastures 
by E. C. Elting and J. P. La Master, on temporary grazing crops by R. 
H. Lush, on dairy shows by Earl Weaver, on herd testing of college herds 
by L. O. Colebank, on cultured buttermilk from dry skim milk by A. D. 
Burke, on the composition of Oklahoma butter by E. L. Fouts, on the 
whipping of butter mixes by A. J. Gelpi, on extra heavy cream by J. R. 
Moss and B. E. Goodale, on applying a dairy code to a city milk supply 
by C. A. Hutton, and on a short course for milk inspectors by J. I. Keith. 

The ballot by mail resulted in the election of R. H. Lush, of Louisiana, 
Chairman; E. C. Elting, of South Carolina, Vice-Chairman, and A. H. 
Kuhlman, of Oklahoma, as Secretary. 

















